1 POSITI VE DI SPLACEMENT EXPANDER AND FLUI D MACHI NERY
Techni cal Field [0001] The present invention rel ates
to a positive displacenent expander equi pped with an
expansi on mechani sm whi ch denerates power when a

hi gh-pressure fluid expands, and to a fluid machinery
equi pped wth the expander. Background Art [0002] A
positive di spl acenent expander such as a rotary
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expands (for exanple, refer to patent docunent 1).
Such expander is used for an expansion process of a

va . conpression type refrigeration cycle (for
de%%%ﬁEF%? refer to patent docunent 2). [0003] The

e- menti.oned expander conprises a cylinder and a
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cylinder, and an _expansion chanber fornmed between the
an expAnSioRdpedaisiy avhighsgeparates noaver ivitieorreligh-prassurhdluid expands,
: suct i on/ expansi on side and the discharge side. As the
and {9; asfld mashwepeeguinied withabe expassdgransi on side in the

expansi on chanber is changed into the discharge side,

and the discharge side is changed into the

suction/ expansion side alternately, thus the
‘Backgnamidadat expansi on action and the di scharge action of

t he high-pressure fluid are concurrently and
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expander recovers the rotati on power generated due to

knovax psiasi expandert Which fsetliedl tb TheREERT péerivhén ZChikhPressure fluid
rotation power as, for exanple, a drive source of a

expaf@ 0L $R@hple] G180 PhteRiX PRRRIAP 152t S&bhh%)%]gxeﬂ%ﬁ: %%cli Jor, an

ratio of the suction fluid to thé disc

expaggggg@n%ﬁ#ggzgg&e@ggﬁggﬁ (PRI AR (R exhldfle, refer to
patent document 2),
[0003] The above-mentioned expander comprises a cylinder and a piston revolving
along the inmer circumference of the cylinder, and an expansion chamber formed
between the cylinder and the piston is partitioned into the suction/expansion side and
the discharge side. As the piston revolves, the suction/expansion side in the expansion
chamber is changed into the discharge side, and the discharge side is changed into the
suction/expansion side alternately, thus the suction/expansion action and the discharge
action of the high-pressure fluid are concurrently and collaterally carried out. In this
manner, the expander recovers the rotation power generated due to expansion of the
fluid in order to utilize the rotation power as, for example, a drive source of a

COMPpressor.

[0004] An expansion ratio, the density ratio of the suction fluid to the discharge fluid is




desi gn expansion ratio is determ ned on the basis of
the pressure ratio of the high-pressure to the

| ow- pressure in a vapor conpression type refrigeration
cycle that is carried out dsing the expander. [0005]
In the actual operation, however, since the
tenperature subject to cooling or the tenperature
subject to radiation (heating) vary, the

- tjan ressure ratd o .of . the refrigeration
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.desi gn phase. .Specifically, when.th OW- pressure i
desifp PR d8ib ST AGIpBh Py i 21 B, Y g the
. ,the pressure of the fluid expanded may be |owered than .
hlghfIFFSSSg‘EFoT\‘?éﬁ PIGFREF 11 VST é‘gfgﬁlie@‘?fht)%ﬁ geftjgepliop cycle that is
expansion ratio (herein after referred to as expansion
carrigd uEsing the expankets case, since the expander
excessively expands the fluid, the pressure of the
[0008] Ip Hlecﬁcwi;e@r@tmm hewextss\snagethe festnegatasepahisrioly cooling or the
pressure is raised once up to the above-nentioned
tempesatusr bisat to tadiatioe (Weativphvaivnthetabové-mentioned pressure ratio of
Accordingly, a workload which results when the fluid
the fefrigeratemsiyodd yagxipanohe csnimllet hieare ttph asmedaindthe xdesign phase.
power for discharging the fluid having increased
Speqifiedly whenrthe be-gressatinidthe Tapss canpressi@ange refiapakibe cycle
_ of reduci ng overexpansi on | oss yielded due to such
rises| €&s pressuRa of Hige Auidcorpanidd onglHeylohesdd tdn (e abeve/entioned
such problens, the applicant of the present
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: the fluid on the inflow side (high-pressure fluid) of
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position. Specifically, the expander 1s equi pped w't

of the m&%ﬁg&:‘tﬁﬂft : I-'}néeroHe&j 'E)Y GibR %résﬁt%g‘riﬁogfseg %&k@% to the

side of _ Id into the expansion ¢
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expander capable of reducing overexpansion loss yielded due to such reasons has been
conventionally desired. To solve such problems, the applicant of the present
application devised an expander which bypasses part of the fluid on the inflow side
(high-pressure fluid) of the expansion chamber to the suction/expansion process
position.  Specifically, the expander is equipped with a communication path for
diverging from the inflow side of the fluid into the expansion chamber and
-communicating with the suction/expansion process position of the expansion chamber.

The communication path is provided with an electric-operated valve as a circulation

control mechanism for regulating a flow rate of the high-pressure fluid that is bypassed




[0006] In the expander of the above-nentioned
configuration, for exanple, when the |owpressure in
the refrigeration:cycle is higher than the expansion
pressure of the expander a8 nentioned above, the
el ectric-operated valve is opened at a predeterm ned
degree of opening, and the high-pressure fluid is
bypassed t hrough the comruni cation path to the
syction/ expansi on process position of the expansion
ﬂ“°@ﬂ5ﬁ%8?mm%ﬁ§ﬂ“%ypa ai sing the expansion pressure of
0 tgiﬁ xpandq&aclo e to the above-nentigned
[0006 gl?ee%’%? T offhe gBoxrempRtiAnES rentigation, famerasle.oxken the
can be reduced (refer to patent docunment 3). Patent
low-gesssire e the refriperatien cpele dp thighsp|thamtheoprprusibh aesseie of the
No. 8-338356 Patent docunent 2: Japanese Patent
expanges asonentionedalaviec thei ebretridoope2@iod valve 37 ¢penPd e atpredetermined
docunent 3: Japanese Patent Application Publication
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to be Solved by the Invention [0007] When, in the
path érphe decticatxptiedbont pracedusmitivneo #eankpandiod @asmbér. t Maen by
above manner, the | ow pressure of the refrigeration
raisingy cthe &x3adgipn Opresdite | of @UakpiRiet hdoseenPaisl @Bove-mentioned
pressure of the expander, a normal expansion operation
low-presié, [the Gbvelmetiibaed olv&exRbidhtibRtanhRl Bdbde@ (refer to patent
el ectric-operated valve is totally closed. In the case
docugfent 1¢ condition where the electric-operated valve is
totally closed, the space of the communication path
tih by : . ansi on
e R s R R N R A

Paterf QEEMALG 3L ?ag)ra}é%ﬁ'ég’ﬁ]{egﬁéﬁﬁl?%g§% POLIEARIR Ko: 261 fre378S ul't,

there 1s a ower recovery erfticlency
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Fig. 13 is a 4 graph showng a relationship between
changes in volune and pressure of the expansion

chanber, under hoe L AgRl 6RO et Rol o here 1

Problems to be Solved by the Invention

-[0007] When, in the ¢xpander adapted to reduce overexpansion loss in the above
manner, the low-pressure of the refrigeration cycle is approximately equal to the
expansion pressure of the expander, a normal expansion operation is carried out under
the condition where the electric-operated valve is totally closed. In the case of the
condition where the electric-operated valve is totally closed; the space of the
communication path between the electric-operated valve and the expansion chamber
turns out to be a dead volume that communicates with the expansion chamber, As a
- result, there is a problem that the power recovery efficiency of the expander is lowered.

[0008] This will be described in detail by referring to Figs. 13 and 14. Fig. 13 is a




Thi s graph shows a case where CO2 with higher pressure
than critical pressure is used for expanded fluid as
a refrigerant. [0009] First of all, when the vol une of
t he expansi on chanber incredses fromthe point a to
the point b in Fig. 13, the high-pressure fluid is
supplied into the expansi on chanber. Next, the point
b is exceeded, the high-pressure fluid is started to
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this flurd is partly eva orated and turns into a state
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drops to the point d. After the cylinder volume of

foretch@dé&ﬁmdsasareﬁrmmér beconmes maxi num at the point d
and the expansion chanber turns to the discharge
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reduced to the point e and the |ow pressure fluid is
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the point a, the high-pressure fluid is supplied to
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as shown in Fig. 14, in the case ere the space of
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val ve and the expansion chanber is dead vol une
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[0010] On the contrary, as shown in Fig. 14, in the case where the space of the
communication path between the electric-operated valve and the expansion chamber is
dead volume, when expansion of the high-pressure fluid is started from the point b, the
- high-pressure fluid expands excessively by an amount of the above-mentioned dead
volume. Therefore, the pressure of the fluid at the point b to the point d drops from the
point b through point ¢’ to point d so that the volume expands with behavior lower than
that of the pressure drop from the point b through point ¢ to point d, which is seen under

‘the above-mentioned ideal condition. Accordingly, the amount of power recovered by




recovery efficiency of the expander is |owered. [0011]
The present invention has been acconplished in view of
such problens, and it is an object of the present
invention to suppress a reddction in power recovery
efficiency attributable to dead volune in the
expansi on chanber formed in the communication path,
in the capacitive conpressor equi pped with the

conmuni ¢ ath and the, circul ati n contro
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present _i nvention rel ates to providing, in the
52 aé)@%‘ﬁé’ieé ithelbe sxpasdemmdentac 1dod canditionsi drnspmeniy, thepower
backf| ow prevention nechanismto suppress the outfl ow
recogery effiigiercyoif thef axpandenés lewpredsi on chanber to the
communi cation path side. [0013] Specifically, a first
[0011 h¥berpiesent iinveptien hasaicenl acoonzplisbed tni view dif syathguebiems, and it is
expander conprising an expansi on nechani sm (60) in
an objecicdf the ghesputeiagention ftd winthress aevefaciid@dnipowenrecexdgrficiency
chanber (62) to generate power, a communi cation path
attrifufale whidehd vdiuver @ethe fexpmsidieclidnbedl forhddoW thiednahudifion
"~ expansi on chanber (62) and conmunicates wth the
paths U¢ thed DARERABSE r@Js@IC EGSip B lithOthe OfonklBniBARANSAR and the
chanber (62), an circul ation control nechani sm

circm&{’oﬂo%m}@])mgg}ﬁafgﬁ@d in the conmunication path (72) for
regulating a flow rate of the fluid. The positive

Meafll &R ACEME ProtieR@nder is characterized in that the
expansi on nmechanismis pr ovided with a backfl ow
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an expansion chamber (62) to generate power, a communication path (72) which
diverges from the fluid inflow side of the expansion chamber (62) and communicates
with the suction/expansion process position of the expansion chamber (62), and a
circulation control mechanism (73,75,76) disposed in the communication path (72) for
regulating a flow rate of the fluid. The positive displacement expander is characterized
in that the expansion mechanism is provided with a backflow prevention mechanism
(80) for preventing the fluid from flowing from the expansion chamber (62) to the
communication path (72). The “backflow prevention mechanism” serves to prevent
the fluid from flowing from the expansion chamber (62) to the communication path (72),

and also allows the fluid to flow in the opposite direction, that is, from the




(expansi on) pressure of the fluid expanded in the
expansi on nechanism (60) is smaller than the

| ow- pressure of the refrigeration cycle i mediately
bef ore bei ng di scharged frémthe expansi on chanber
(72), it is possible to bring the circulation contro
mechani sm (73, 75,76) into a state of opening. \Wen the
circulation control nechanisn1(73 75,76) is brought
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than ghe dmeiposswt ftike rqfdgyratenl cydle immediately dsfore bewmgt discharged
refrigeration cycle becones snaller, thereby reducing
fromt e exfrovien nehatiben @2)o vié rie xpessibleo to Ibming. theOCitGilation tderol
one hand, for exanple, when the expansion pressure in
mechianésne \@J3,78j76) inthanisate (&2 ppeEngpprdkénmahe | ¢ircatptiah tantrol
the lowpressure in the refrigeration cycle, it is
meclpaiai Q78,786 rik Nbrotjiet éntbCHl thicO0f Copahingl inveBizamdmfer, the
(73,75,76) into a state of closing. |In this case, the
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expansi on chanber . The expansi on nechanism (6
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cham(b er (&? isa prIO)letatQ: y eq on1|:h% t\IfVPprll'e gxyeQn(lezzefngerat?on cycle, it is
possible to bring the circulation control mechanism (73,75,76) into a state of closing.
In this case, the high-pressure fluid on the fluid inflow side is not diverged to the
communication path (72), but introduced directly to the suction side of the expansion
chamber (62). The expansion mechanism (60) then expands the fluid through the
normal operation.

[0016] According to the present invention, the expansion mechanism (60) is equipped
with the backflow prevention mechanism (80) to prevent the fluid from flowing from
the expansion chamber (62) to the communication path (72). Accordingly, even if the

circulation control mechanism (73,75,76) is in a state of total closing, it is possible to




expansi on chanber (62). Therefore, it is possible to
keep a part of the space in the comunication path
(72) from becom ng dead vol une of the expansion
chanber (62). [0017] A sec®nd invention is
characterized in that the backfl ow prevention
mechani sm (80) also serves as the circulation contro
mechani smin the positive di splacenent expander
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mechani sm (80) is in a state of total «closing, it is
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fromthe communication path (72) into the expansion
(80) cihsnbrerves( &2} he airciilations aprdrdl i mechanismpine tenpositivee displaceiment
fromflow ng fromthe expansi on chanber (62) into the

expaadamancordiag ito thepfakthinvénfidh. A third invention is

characterized in that in the positive displacenent
Accardipgnidetthe deeddim@ntich,tihe bickdbwi presibtionn mdchenism (80) is
backfl ow preventi on nechani sm (80) is disposed closer
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(72).

A third invention is characterized in that in the positive displacement expander
according to the first invention, the backflow prevention mechanism (80) is disposed
closer to the expansion chamber (72) than the above-mentioned circulation control

mechanism (73.75,76) within the communication path (72). At this point, the closer

- the backflow prevention niechanism (80) is to the expansion chamber (62) within the

communication path (72), the more it is favorable.

[0018] In the above-mentioned third invention, the backflow prevention mechanism

(80) and the circulation control mechanism (73,75,76) are provided separately, unlike




(73,75,76) within the communi cation path (72), dead
volunme fornmed in the conmunication path (72)
corresponds to the space fromthe backfl ow prevention
mechani sm (80) to the expan8&i on chanber (62) for the
expander according to the present invention, as
opposed to conventional expanders, where the dead

vol une corresponds to the space fromthe circul ation
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above- nentloned forth invention, a non-return valve
mechagisg i(8Q) & the ﬁ@aaaequhéwbﬁrr @R rfer she rEpaMeT SReqrdipg to the
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path (62). [0021] Afifth invention is characterized
corrtgspondsato thieespaice dioinattheo piredationo coresd aedhenism( (73,785/6)gtp the

is conprised of an electric-operated valve (73) .
expansipabhamlodr (Z2) uTherefpre,Hitis pdssifrle ¢o winiopzrtha deddvaltmee formed

positive di splacenment expander according to one of the
in thé cormmuhatibopath I63) nverdoneasionplGBpaddek.n t he

above-nentioned fifth invention, the high- pressure
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conmuni cation path (72) to the expansion chanber (62)
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el ectric-operated valve (73), is regulated to a given

to thé M ihddRion this point, when the electric-operated
valve (73) is in a state of total closing, the
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| [0021] A fifth invention is characterized in that the circulation control mechanism
(73,75,76) is comprised of an electric-operated valve (73) capable of adjusting the
degree of opening in the positive displacement expander according to one of the first to
fourth inventions.

[0022] In the above-mentioned fifth invention, the high-pressure fluid flow which is
bypassed through the communmication path (72) to the expansion chamber (62) by
adjusting the degree of opening of the electric-operated valve (73), is regulated to a

given flow rate. At this point, when the electric-operated valve (73) is in a state of

total closing, the backflow prevention mechanism (80) prevents the {luid from flowing




el ectric-operated valve (73) to the expansion chanber
(62) from becom ng dead volune. [0023] A sixth
invention is characterized in that the circul ation
control mechanism (73,75,78) is conprised of an

el ectromagneti cal |y openi ng/cl osing val ve (75) capable
of opening and closing in the positive displacenent
expander according to one of the first to fourth
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chanber (62) into the communication path (62).
(73,75,) éf comepriset! of sn plestsinmgneticallyanpebigichsingpate (35) cdpable of
comuni cation path (72) fromthe above-nentioned
openélgearidr dosing @t ihe gokitiveo fsplacghalt espargley adcorlifg/ ®) ortecoft the first
expansi on chanber (62) from becom ng dead vol une.
to folu®® gbkntforgevent h i nvention is characterized in that
the circulation control nechanism (73,75,76) is
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: 6) which opens when the differential pressure

umm%e&fﬂﬁeneueaeon%g%ﬁéﬂ@ @%nﬁlgeléshﬁg daldé’ r(vs)g tHeNgi gBpPEISIeOfluid

process in the expansion chanber (62) and the pressure

flow Whid 'R HypHdsdd %B!{J%lot‘ﬂe I%bx‘ﬁﬁmhﬁ:augﬁ ?éﬁﬁﬂ 2){tB 3k &pansion chamber

pre ete ned va n the positive |splacenent

(62) eiépar@@ﬁéteé‘c?&réj f[ﬁkggég%nff éwt haefiral &R fRukt hwherh the

nventi ons e above-nmention sevent

ool RH Oy, IR, POFE 5, AP e g, e
backhow #REN ?(I)no & gnqpr%r (8(0?2;)Jre é}QS the fluid from flowing from the
" expansion chamber (62) into the communication path (62). Therefore, it is possible to
avoid the space of the communmication path (72) from the above-mentioned
electromagnetically opening/closing valve (75) to the expansion ehamber (62) from
becoming dead volume.

[0025] A seventh invention is characterized in that the circulation control mechanism
(73,75,76) is comprised of a differential pressure regulating valve (76) which opens
when the differential pressure betweenrthe pressure of the fluid during the expansion
process in the expansion chamber (62) and the pressure on the fluid outflow side is

greater than a predetermined value, in the positive displacement expander according to

one of the first to fourth inventions.




the pressure on the fluid outflow side is detected,
and the differential pressure valve (76) opens when
the differential pressure becones greater than a
predeterm ned value. As a Iesult, the high-pressure
fluid is introduced through the comuni cation path
(72) into the expansion chanber (62). Therefore, it
is possible to approxinmate the pressure of the fluid

[ he above-penti qned expansi rogess to the
1002} fouB8 b ERREmEA St RIS e B TREGA) FRge pebygen the
IS possible tq reduce overexpansion loss in this
pressgi@paﬁgﬂﬁé}w@réeﬂ% thengxpension prgess| ofthe expansionshapher(62) and
when the differential pressure between the pressure of
the prasaure ph ghedheid opifleve side srdstesteidoandihe didiesentinl prgesure valve (76)
expansi on chanber (62) and the pressure on the fluid
openg wiheh the dffetential pressigre bhemme goeatetdbar mpmddenzinedyaluhie Asa
differential pressure valve (76) is shut off. As a
result, dbel high-megspleyflwdl it herddught thre@ghithe conmiudidation path (7R into
comruni cation path (72) to the expansion chanber (62)
the ekparsionpg@athber\(62).ni Thepeford, it isvjuesiblehe apidianeatetthapressure of
pressure regulating valve (76) is in a state of total

the filidslufifg thdgboveanddftionwd Iék?éﬁ@iﬂ;hi MROcd¥B e A pFsaBO)on the fluid
prevents the fluid fromflowing fromthe expansion

outfieRagier (Rdrdintye fhe E@smmits afellQel RARxpEion loss in this
Therefore, it i's possible to avoid the space of the

expas@OMBLIGALLO@opat h (72) from the above-mentioned
. differential” pressure regulating valve (76) to the

(002FRARTSE A RANDSinhSAL dORARGARL00 e pOLATRY of i
fuid Eof SORTRALTBEAEY Y SifanshchafBefiin) bEthe pressuro on
the SRELEAH ARG Dlefia by O FoRE Pl 6 AP EEP ROy yetve
76) VAR R At SoRORI GNP cObrirs JHERBERGRT A1 ipag) the
B S LT e
-Whenp %iJi{’fgreent‘iiaiﬂSp%s%ﬁr%”r%@ﬁlaﬁﬁg %21%2 r(7\6!\$h {sciqul zf ?tra{ei gfs to?éitclgs?r?g, the
backflow prevention mechanism (80) prevents the fluid from flowing from the
expansion chamber (62) into the communication path (62). Therefore, it is possible té
avoid the space of the communication path (72) from the above-mentioned differential
pressure regulating valve (76) to the expansioh chamber (62) from becoming dead
volume.

.[0028] An eighth invention is characterized in that the expansion mechanism (60)
carries out the expansion process of a vapor compression type refrigeration cycle, in the

positive displacement expander according to any one of the first to seventh inventions,

10029] In the above-mentioned eighth invention, the backflow prevention mechanism




expansi on process of the vapor conpression type
refrigeration cycle. [0030] A ninth invention is
characterized in that the expansion nechani sm (60) is
configured to carry out thellexpansi on process of a
vapor conpression type refrigeration cycle in which
the high pressure beconmes super-critical pressure in
the positive displacenent expander according to any

one of the first to.seventh inventions. [0031 t.he
(50 By e 1 BHA o g B , CRpRSBRcKIPEF (63) ' the
prevention nmechanism (80) prevents the fluid from
commugigation pathr/2hdn Sigpaseivslisiacement eanderrvhick garries out the
conmuni cation path (72) in the positive displacenent
exXpaagion paess efrthe ¥anoy comgpissaion fype refiiperatiomeycl- ocess of
what is called a super-critical cycle in which the
[0030] ghnintle Sgvention He chasrstetzéd irc Hiat phe szparsion] BOERNIsT €60) is
tenth invention is characterized in that the expansion
confrgacdibioi carmy (0G0 }hei exparcsinf procase df 4 vamparcoynpoessioh lgpe refrigeration
' expansi on process of a vapor conpression type
cycle d@hr whehathieohighCyebsare) betigna  e@geboritici] opdesiire in the positive
refrigerant, in the positive displacenent expander

dispcanémiergander 4deerdigdyblni, BuE 6L the first [t S3Bhthl ifivénfions.
above-nentioned tenth i nvention, the backfl ow

[003m{ |Y O hiVeTRENAES Minth $NenBbL VBB backilGw fPrtVeftibi @R8chanism
: flow ng fromthe expansion chanber (62) into the

(80) CRETRHN R IR RS fiddihg! ﬂoﬁlhﬁlegg;gaahhiﬁﬁ aia&meﬁ%@??ﬁtg the

expander for carrying out the ansi on process o

der T _ at t ns! _ A

compdi %%h%th?%bé%ﬁeﬁa@é‘% e Sl r s bu the

expafBR HROA BRGRAN S8 sper 5l s 88 iR fhePhibR HRe¥ure
expa S on nechanismin V\i’]lpcliﬁ rotati1on povver IS

becofn%gg%‘lﬁéa?%r kgg(ur nmeans of expansion of the fluid, in the
positive é?spFacenent expander according to any one

0053, SRS T YR P IS g o0
confllfﬂéerflfﬁlagg iﬁg}%nh I%ﬁ ; %ggéﬁ%wgy;gaggsg gtl‘,et {ﬁf_?pto? r(:Xl’np?e%giglll ltypteyljgg*igeration
: cycle using a carbon dioxide refrigerant, in the positive displacement expander
according to the ninth invention.

[0033] In the above-mentioned tenth invention, the backflow prevention mechanism
(80) prevents the fluid from flowing from the expansion chamber (62) into the
communication path (72) in the positive displacement expander for carrying out the
. expansion process of a super-critical cycle using a CO, refrigerant.

[0034] An eleventh invention is characterized in that the expansion mechanism (60) is
configured to be a rotary expansion mechanism in which rotation power is recovered by
means of expansion of the fluid, in the positive displacement expander according to any

one of the first to tenth inventions. The “rotary expansion mechanism” stands for an




[0035] In the above-nentioned el eventh invention, the
backfl ow prevention nmechanism (80) prevents the fluid
fromflow ng fromthe expansi on chanber (62) into the
communi cation path (72) in tzhe positive displacenent
expander having the rotary expansion nmechanism A
twelfth invention is predicted on a fluid machi nery
equi pped with, in a casing (31), a positive

exp%lés 8s nﬁgrt(lé)ﬁ and& g}ﬁ g‘ﬁy'?gt ngarr}r’g%or Es}'ﬁ’g lﬂ}u,uﬁwgahmenes and so

p03|t|ve di spl acenent expander (60) and the notor (40)

forth.n order to conpress the fluid. This fluid machinery
i s characterized in that the positive displacenent

(0035} pa Hheeaboysoentiened sigvieniliriavenbipns the baejdlowy prgvention mechanism
di spl acenent expander according to any one of the

(80)f presents ahe| fnidnfromi Aowing Gos thaO@8pdnsion thembene(6R) lnto the
invention, rotation power fromthe positive

comdivsplatioe matit (EYpander pofitt@) dmplaoerden gexdpanddrehdvings thet ootary
el eventh i nventions and rotation power fromthe notor

expdnéidh mavhenikmhansni tted to drive the conpressor (50).
Ef fects of the Invention [0037] According to the

Aty BrveBidd 1@ peslidted 64 aiftvEiatldReryWaaipptd mtﬁxm&smg @31, a
normal |y operates under the condition where the

posifild 8idpRbdRsht QRN (6UR @NAGLE 80§, 7#hd Deofpredsdr 8509) dakéyby the

cl osed, the backfl ow prevention nmechani'sm (
abow%[lﬁ&ﬁmn%dtgﬁﬁtlfvé Wi 1dcERBA LPHARY (6by 2 EH%%S%PW' ifAbrder to

into the comuni cation path

comPRsO ik n@lhﬁ thid Sﬂu (2}5'51&1}151{ ?X tiQ giﬁa?fﬂ:teﬂ'ggérﬁl atttﬂg ositive

ommuni cation path becom ng dead vol une o
By IR, YT, RO bt i
L arﬁpo%a%enﬁm L
B &5;3%&@ R, SRR O PO B R B b
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are tra?l.grrnlt\t/e% to tEirwe the compressor (50).

Effects of the Invention

[0037] According to the above-mentioned first invention, when the expander normally
operates under the condition where the circulation control mechanism (73,75,76) is
" totally closed, the backflow prevention mechanism (80) prevents the fluid from flowing
from the expansion chamber (62) into the communication path (72). Accordingly, it is
possible to keep a part of the communication path (72) from becoming dead volume of
the expansion chamber (72). This prevents the rotation power obtained by the

expander from reducing to the area of S1, which results from dropping of the pressure

from the point b through the point ¢’ to the point d during the expansion process, as




power recovery efficiency obtained by the expander.

[ 0038] According to the above-nentioned second

i nvention, the backflow prevention mechanism (80) is
equi pped with the function Bf the circulation control
mechani sm  Accordi ngly, the backfl ow prevention
mechani sm (80) can adjust the anobunt of bypass flow
fromthe comruni cation path (72) to the

suct i on/ expansjion_progcess.posjtion of the expapsion, .
showi g e%ﬂf%?es "adn Lo doe SEPRYEr 3L PEPARE Jhe fluid in a
flow ng% fromthe expansion _chanber (72) intQ the
manpes FRse ¢ theiidasl penditiqnyas)showrdn Eigod 3, andrtis posmifde tommprove the
parts for the expander can be reduced. According to
powerecausex effimeney drieited by the expsmdeti on, it is possible to
reliably reduce the dead volune of the conmunication
[0038htdecordge foythdiabposinaptisred seaakd Ingentme Wenbickfow prevention
mechani sm (80) cl oser to the expansi on chanber (62)
mechdniam (80)t heqeippediivéth the fmoctianobf theedivalztiomcoiBol7/medtGhnism.
in the communi cation path (72). Besides, by disposing
Accdriiaglyb dekiakloftow pesventiorome caivan (ScaB Adjust ltbs amhotna dffbgpass
expansi on chanber (62) than to the circulation
flowCedih ki cdﬁﬂﬁlﬁiﬁéﬂtﬁmp@lﬁﬁgftﬂﬁb sudtivey/ stpatkionohroeds pbsitibkeof the

commruni cati on path does not becone |arge no

expafi¥ibh Shardte Engtahe AP Q6 pPR/BHH 108 BidChré1R YoM L RoMAAE ERansion
mechani sm (73, 75,76) is disposed in the conmunication

chanftt (720 d -theﬁb%%ﬁ&ﬁf:?ion‘;&fh (72X 2Rl eRefo¥ B rutber of parts for the

comruni cation path (72) 1s formed I nside the expansion

[ ) and conmuni cates with the expansi on
e S

_ the above-nentioned circulation control
AccEARIENAENenichbhb B3 Aol il BOREEE ) BEHE rodres e
o AR T o 6L R R B roveni
e P s A S8 S 4 s
B LA R RERE
‘ backﬁg%oprrg\i/erﬁ%'l:)g ’melcflanll?m F()gﬁc’)sci,lgsle? tcE ?heperx%gsri]gn gﬁa%ber (62) than to the
circulation control mechanism (73,75,76), the dead volume of the communication path
(72) does not become large no matter where the above-mentioned circulation control
mechanism (73,75,76) is disposed in the communication path (72). Therefore, for
_ example, when the communication path (72) is formed inside the expansion mechanism
(60) and communicates with the expansion chamber (62), the above-mentioned
circulation control mechanism (73,75,76) can also be disposed in the communication

path (72) located outside the expansion mechanism (60). “This facilitates replacement

-and maintenance of the circulation control mechanism (73,75,76), which tends to have a

- relatively complicated structure.




fluid fromflow ng fromthe expansi on chanber (62)
into the comunication path (72) and also to
effectively keep a part of the comunication path (72)
from becom ng dead volune ¥ the expansi on chanber
(62). [0040] According to the above-nentioned fifth
invention, it is possible to easily adjust the anount
of bypass flow of the high-pressure fluid through the

ni.cati gn path 72) b onfiguring th .
100357 AetaRan Kooy Smebbeted dufvestin, aptn-Gim velyg is used as
elgﬁtric-operated val ve éﬂS). Accordingly, in the case
the Gackflewimevealipn merohanigm ($BY fAscordingly. &k paRessHHe |t sreveyt the
.of the refrigeration cycle, when the | ow pressure of
fluid; fsem flosing fematbie sxpanpiinechamben(f2) inte dize eqemusigating path (72)
pressure in the expansi on chanber (62), it is
and plos & ¢ifastively ikaep o gait of theprosuhetréeation edthf (73 vromt kecomingrisad
hi gh-pressure fluid fromthe comunication path (72)
voluinetod thehexpanganahaorbec (@@xber (62) and thereby to
approxi mate the above-nenti oned expansi on pressure to
[0040hActwding e sleuste veimdntienefifth @ereatiomrit symdsaible to easily adjust
Therefore, it is possible to further inprove the power
the dn®R@Y of Yywké floivesiChe Migh-hessuex Aaiddtrough AR tpmAvaRatidmpath
to the above-nentioned sixth invention, it is possible

(72)t Byeadhfigurid] URE chbatdiOUtheBf R¥ERSEN | o8, 7d)hevith the
hi gh-pressure fluid by configuring the circulation

electﬁlg%éﬁ{edr%ﬁréa(‘?@ﬁm AdRrdingl{Sh Mk thsel Wfere the ex7pSa§1der is used for

el ectromagneti cal |y opening/closing valve ( and

the GibR %%1{)9\%3 Ope {ﬁl{lé‘ %fffggx%itiﬁg CHCT@, nxgh&{/ é:flé‘ elo‘(vipsr)es.sure of the

el'ectronmagneti cal ly openi ng osl'ng ve
| orgnt | Ca g/ oT6S? ng _
refiid AR AR K iodr by BRI pASorl SO WL ExbdlSion chamber (62),
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There olre\: eit (izG osé’%@l%ntot e h%irfik%rro(i‘v%t ith%I P vrvgfs ?e%%\?ery efficiency of the
expander.

- [0041] According to the above-mentioned sixth invention, it is possible to easily adjust
the amount of bypass flow of the high-pressure fluid by configuring the circulation
control mechanism (73,75,76) with the electromagnetically opening/closing valve (75)
~and changing the opening/closing timing of the electromagnetically opening/closing
vé.lve (75). Accordingly, it is possible to configure the circulation control mechanism
By a relatively simple structure, and at the same time, to obtain similar effects to those

in_ the fifth invention.

- [0042] According to the above-mentioned seventh invention, the high-pressure fluid is




bet ween the pressure of the fluid during the expansion
process in the expansion chanber (62) and the
pressure on the fluid outfl ow side becones | ager than
a predeterm ned value. Al s¥, the above-nentioned
pressure of the fluid during the expansion process is
approximated to the pressure on the fluid outfl ow
side. Accordingly, for exanple, when the expander is

insof 2 S bRCeoBEREH BR, BURITD" e hépaniiion Hredended by

f the ansi on chanber. (62) approxi mately equal to
openfigeh GHTHRELSUES SR TREEReS Veler b DRy Elercntal pressure
Therefore, it |s possible to reliably reduce the )
betwegpe thex prassirenct] Bssileid gpringe fhsa frRanSORIPIORess iy thet gypansion
power recovery efficiency. [0043] According to the
chambgb (62)end | baepresizghon thavBuidi onflovheidexbesothes lager than a
according to the present invention is utilized for
predat¢reninad ankicon Abyop dhe sbove-mentaped wesgoressithn fupeuring the
_ refrigeration cycle. Therefore, it is possible to
expaggidre qirbeesh yisr epiprorinidieel dw ethex peessironon | the sflmtl biilow  side.
expander during the above-nentioned conpression
Accordifigliygfor @ik ple Whke the &3@andbess usdd fos thRosSGadieén bcess of the
reliably mnimze the dead volune in the comrunication

refrigetatien &R0, iMi§ Moéditde BaakideOWePESERADL Plestre heile R xpBAion

and to effectively recover the power obtained during

chambb€ (€29 BRstbRIMa1P CRPal & thdQoRRMRREDE it e&hrigeration cycle.
conpression refrigeration cycl'e. [0044] According to

Therdtb, ﬁggﬁ%sme% QAERIy Yelhdt ih@\ﬁ%}e'b(g&si&mﬁssegp@gg%?ﬁlder and

-according to the present invention 1s use e

 imprfARAL 6@&u@&ﬂ%§f5ﬁ8%nﬁ%SUper-critical cycl e

I ncidental Iy, nce t pressure of the refrigerant

[0043{] {é&’éﬂéﬁ%ﬂ B8 Bhet Jb%vg-ﬁ%ﬂﬂg{fédt ‘iﬁghtéqg@édﬁ‘éﬁ' | Cegpg{:aﬁg ?éci’ochﬁ% o
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Besides, it is possible to reliably minimize the dead volume in the communication pipe
- (80) with the backflow prevention mechanism (80) and to effectively recover the power
obtained during the expansion process of the above-mentioned compression
refrigeration cycle.
[0044] According to thé above-mentioned ninth invention, the expander according to
the present invention is used for the expansion process of a super-critical cycle.
Incidentally, since the pressure of the refrigerant flowing into the expander is relatively

high during the expansion process of the super-critical cycle, the amount of power

| recovery tends to be reduced due to the dead volume of the expansion chamber (72).




recovery efficiency of the expander. [0045] According
to the above-nentioned tenth invention, the expander
according to the present invention is utilized for

t he expansi on process of a Buper-critical cycle using
a COX2 refrigerant. Therefore, it is possible to
obtai n the above-nentioned effects according to the
ninth i nvention. [0046] According to the

bove- nent.i oned. e) eyenth invention,. the e er
On ti QR g e Sicheles] SGlume i rineghion STt e pedueed as
rotary_expander, as represented by swi.ng-, rotary-,
muchagpessibl in_the presenhEweriiim g1 1§ PO%Stb?? o %%?:‘3‘31’%1’ ipigve the power
I nprove the recovery efficiency of the rotation power
recovsisy afficeaacypf Gesapaiden of the fluid by the rotary
expander. [0047] According to the above-nentioned
[0045 I tdording by thatabove-mettioned snth inyenticonp fhecapander acopptingtorthe
(60) of the present invention is applied to a fluid
presamh dfientoty isoapilizod dot the teRpansicnoprpeass b sgpd)crigical eycleousing a
(40). Accordingly, it is possible to effectively drive
- CO, tie@rigegampr &heeford,50) isbpodsitie dwi stgait hihe pahowe-mentionet eifects
efficiency of the positive displacenent expander (60)

accomithg ® theinei ngedtlon. power of the above-menti oned
conpressor (50) served by the notor (40). Besides, by

[0046T Abdogding té 1He abOVEPImesEed €RAENthQhiventien,ftheibhafBahicogding to
for the conpression process while utilizing the

the pPéé%htt in¥Entiohl is Q%}?}lﬁa@rf@ Rlrof¥p aRsteiderd 89depRisehtb® bl lswirk-, rotary-,

machi nery for e expansion process of the Vvapor

and {c%m'i St %c%r}ﬂﬂlggf & 61 0SSRkl 18 MmbY e Ghe kdcobdry REBSERIyEOS the
op ormthe frigeration cycle wth a Superior
- ' r : THE
rmat%ﬁ%?%&é%ﬁ@? G%%SHO% olfslﬁfél aﬁgfl E}F ??353 e at%%r. di agram

_ an air conditioner .. l;RQ - i t
[004?1 acccggxlng tg Secﬁtépgg.trrlle tlgégf? |‘génig(ﬁ 1@\%&%3%]:@%"88&{19? Hfspllwemen
expaﬁgem%&sgf" e /p?éer?tnl%{fgnrt]ioﬁr}!s tza.pp €% dal Hl%dtn?achﬁlggpgdlﬂf&td With a
compressor (50) and a motor (40). Accordingly, it is possible to effectively drive the
compressor (50) by improving the power recovery efficiency of the positive
displacement expander (60) while reducing the power of the above-mentioned
compressor (50) served by the motor (40). Besides, by utilizing the compressor (50)
of the fluid machinery for the compression process while utilizing the positive
displacement expander (60) of the fluid machinery for the expansion process of the

vapor compression type refrigeration cycle, it is possible to perform the refrigeration

cycle with a superior energy-saving property.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Fig. 1 is a piping systematic diagram of an air condition_er according to




Fig. 3 is a schematic sectional view show ng the
operation of an expansion nechanism Fig. 4is a
schemati c sectional view showi ng a substantial part of
t he expansi on nechani sm aclordi ng to enbodi nent 1
with the shaft's angle of rotation being 0 or 360.
Fig. 5is a schematic sectional view showi ng a
substantial part of the expansion mechani sm according
to enbodinment 1 with the shaft's angle of rotation
embafgm’?at W5, Fig. 6 is a schematic sectional view showing
. a substantial part of the expansion mechanism .
Fig. gc tsop dicheynats eaetieornl ndew of icomprdssionieapansionawnyt ecesrding to
rotation being 90. Fig. 7 is a schematic sectional
embodimgnshowi ng a substantial part of the expansion
nmechani sm according to enbodinent 1 with the shaft's
Fig. dngh schematiosatipng viesw stpwiBdthe dpegtioB of s exprasienateckanism.
sectional view show ng a substantial part of the
Fig. ek prasschamatie cbaidinsinvRec ghelwing 4 Gubsidtid] pant ofl t tkpansion
the shaft's angle of rotation being 180. Fig. 9is a
meclg@ibeiratdogdif g ed emballimeneW wHB\hd thalt’Sahpsé ankotalio deihg TP or
t he expansi on nechani sm according to enbodi nent 1
360°W th the shaft's angle of rotation being 225. Fig. 10
is a schematic sectional view show ng a substanti al

Fig. é@'ist aosfch’érﬁﬁtice)éé@%ﬁﬁloviemﬁé Sa[nsﬁﬁs@é?l;tﬁlr gbgrtt & the expansion

nmbodiment 1 wth the shaft's angle o tation bei'ng

meckahfm ad%:bﬂh'lilglﬂ) &%oa‘%rﬁ%}ﬁGI%&ﬂ fhe SRSY %{’: Ri" LofioR MG 2

substantial” part o e expansion ani'sm accor i ng
e E1LEORILIEL ety E02 0k, PRSP B nin
e GO RS NP A B B AR
e, R B SRR R SRS SR B Bl
e S eSS D BB IR g -
Fig. %X Psag Ssic gmat?ch ?e@%%ﬂalu@i%%r sl?orlzviing eaalsubsstta?lgcigl' part of the expansion
-mechanism according to embodiment 1 with the shaft’s angle of rotation being 180°.
Fig. 9 is a schematic sectional view showing a substantial part of the expansion
mechanism according to embodiment 1 with the shaft’s angle of rotation being 225°.
- Fig. 10 is a schematic sectional view showing a substantial part of the expansion
.mechanism according to embodiment 1 with the shaft’s angle of rotation being 270°.
Fig. 11 is a schematic sectional view showing a substantial part of the expa:ision
mechanism according to embodiment 1 with the shaft’s angle of rotation being 315°.
- Fig. 12 is a substantial part enlarged sectional view of a backflow prevention

‘mechanism according to embodiment 1. This view is a graph showing a relationship

between volume and pressure of an expansion chamber under the operating condition of




Fig. 14 is a graph showing a relationship between
vol ume and pressure of the expansion chanber when
dead volune is forned in the comuni cation path. Fig.
15 is a schematic sectionall8vi ew showi ng a substanti al
part of the expansion nechanism according to
enbodi nent 2. Fig. 16 is a schematic sectional view
showi ng a substantial part of the expansion nechanism
d .according to enbodinent 3. Fig. 17 is a schematic
CIIGLREFYRAl vi ew showing a structure and operation of a
] gi f_ferenﬁi l?l . pressure_val ve according to enbodi nent
Fig. 43 is4 graph ghowing adelgtiorshincbeiwesn whane gndpresiBnpiilje sxpansion
substanti al part of the expansion mechanism according
charplsr pdes@nident sate. Fig. 19 is a schematic sectional view
showi ng the operation of the expansion mnechanism
Fig. 44 éva giaply showvinghodiatienmshipthetwea, vok@me sndipssduesref the expansion
~ sectional view showing a substantial part of the
changhep avren dead veduina i formednchetorymumicetidoptithent 5. Fi g.
21 is a schematic configuration diagram show ng an
Fig. i18nisr a sthamdtier sectibndl hdeweshpomisy arsubBahitdli g af dey dxkmision
. to enbodinment 5. Fig. 22 is a schematic sectional view
meckdnidm Agotdies apenigidiacmt@ the expansion nechani sm
according to enbodinent 5. Fig. 23 is a schematic

Fig. 9@Cisi #RahenvdtRWszIom] Nde® shdWHicaRt JuBbtaiddl tpaef of R® expansion
expansi on nechani sm accordi ng to enbodi nent 6.. Fig.

meckhisnPadoRBREIPdhodda&Iti3onal vi ew showi ng the inside of
t he expansion nechani sm 19 according to enbodi nent 6.

Fig. T1 & a Shemiti@ sQGREARLL sERGhE g%ﬁkot\ﬂeeéfﬁds%gﬂfgﬁ JEAGifferential
operation o t he expansi on “nmechani sm according to

press%@@ﬂiré%&cﬁng to embodiment 3.

Fig. 18 is a schematic sectional view showing a substantial part of the expansion

mechanism according to embodiment 4.

Fig. 19 is a schematic sectional view showing the operation of the expansion

mechanism according to embodiment 4,

Fig. 20 is a schematic sectional view showing a substantial part .of the expansion

mechanism according to embodiment 5.

Fig. 21 is a schematic configuration diagram showing an inner structure of the

expansion mechanism according to embodiment 5.

Fig. 22 is a schematic sectional view showing the operation of the expansion

mechanism according to embodiment 5.

Fig. 23 is a schematic sectional view showing a substantial part of the expansion

- mechanism according to embodiment 6.

Fig. 24 is a schematic sectional view showing the inside of the expansion mechanism




Fig. 26 is a schematic sectional view showng a first
exanpl e of a backfl ow prevention nechani sm according
to anot her enmbodinent. Fig. 27 is a schematic
sectional view showing a selPond exanpl e of the

backfl ow prevention nechani sm accordi ng to anot her
enbodi nent. Fig. 28 is a schematic sectional view
showing a third exanpl e of a backfl ow prevention

nji.smaccqrdi ng to anot her enbodi ment. Description
accog&ﬁ$ﬁbeer%eqdzlp§1ﬂc6g Nunerals and Signs [0049] (10) Air
. ditioner 20) .Refrigerant circuit (30 )
Fig. ?&&Fﬁ%ﬁé&@%@%ﬂ Pt SpeviRed eaérﬁ%&y)of {bg1 gxpansion
Casin 4 Mot or (50) Conpressor (60) Expansion
mec}}?ﬂ%%?“%’#%%@s‘?@b‘\ﬁén%@pl acenent expander) (61)
. C,}/I_i nder (62) Expansion chanber (72) Conmunication )
Fig. 26 pea pehismatinsectiondvigr shywing 3) first exemnle obpbacdkflew mrayspsion
(circulation control mechanism (75)
mect@nisat aesatdingto anathey eopadiinent. cl osi ng val ve (circul ation
control nechanisn) 20 (76) Differential pressure
Fig. ¢3| sea (schensaicasectonat omtew chowinghandesond ex#iple Ndrthe etankfiow
val ve (backfl ow prevention nmechani sm BEST MODE FOR
prevétieR Yh Bkl adddiEdinviciidthdd ep(iddihenEnbodi ment s of the
present invention will be described in detail by

Fig. 2&fser sdha@atiosectional view showing a third example of a backflow prevention

mechanism according to another embodiment.

Description of the Reference Numerals and Signs

[0049]

(10) Air conditioner

(20) Refrigerant circuit

(30) Compression/expansion unit (fluid machinery)

(31) Casing

- (40) Motor

(50) Compressor

(60) Expansion mechanism (positive displacement expander)
(61) Cylinder

(62) Expansion chamber

(72) Communication pipe (communication path)

| (73) Electric-operated valve (circulation ¢control mechanism)

- (75) Electromagnetically opening/closing valve (circulation control mechanism)




the draw ngs. [0051] <<Enbodinment 1 of the Invention
Enbodinent 1 is a configuration of an air conditioner
(10) using a fluid machinery of the present
i nvention. [0052] <<Overall20configuration of air
condi tioner>> As shown in Fig. 1, the above-nentioned
air conditioner (10) is of what is called separate
type and equi pped with an outdoor equi pnent (11)
I t ed .outdoors and an . i ndoor, equi prent (13) | ocated
(76)i]:ﬁ§a8’i9f1§?‘1 Pigraus Jtali’ﬁz?lr‘é%mﬁﬁéﬁ?m(@%hamﬁ@ udes an
t door fan 12% an outdoor heat exchanger (23), a
(80)¢ qnsliet%tﬁ‘lyﬁ\éiﬁc v eraventioameehapam),  a second
four-way swi tching valve (22), and a conpression
expansion unit (30). On the one hand, the indoor
equi pnent (13) includes an indoor fan (14) and an
i ndoor BEST MORENEOREARRYING THET ABIB/RNVENTI@Ned
out door equi prment (11) is connected with the
[0058b Budbedierentsarfahle preseam inventiop wilhbe (2R}yibby ibd@sil by @éferring to
comruni cation pipes (15, 16). [0053] The
the dadwmgs.ment i oned air conditioner (10) is provided with
arefrigerant circuit (20). The refrigerant circuit

[005( POYEmBodmehtoSefthe Inveriién>t-0 Whi ch the
conpressi on/ expansi on unit (30) and the indoor heat

EmbSXeRANY8s a CodtmrhoCONRERT %%diticﬁ}%g i(gkmﬂtﬁhsiﬁcggf fluid machinery of

refrigerant circuit (20) 1s fil on di oxi
the pAseft ihfthfibger ant. [0054] Both the above-nentioned
out door heat exchanger (23) and the indoor heat

005 SO el S OTERARR 9L 2, o 055 10 Lvpe i
s RERAAAE 20 s 0E AL Ly AL, SRR e
o 898 08 ok 1, 505 RRR e i o o
o), ) BRIt 0% o
outadeRin ) SNAREES pok R eirdienr @BF i st brr paBkiebaE e @D,
a secghcf' %qu%-rxga?r switching valve (22), and a compression expansion unit (30). On
 the one hand, the indoor equipment (13) includes an indoor lfan (14) and an indoor heat
exchanger (24). The above-mentioned outdoor equipment (11) is connected with the
above-mentioned indoor equipment (13) by a pair of communicationlpipes (15, 16).
[0053] The above-mentioned air conditioner (10) .is provided with a refrigerant circuit
(20). The refrigerant circuit (20) is a closed circuit to which the
compression/expansion unit (30) and the indoor heat exchanger (24) are connected.
Besides, the refrigerant circuit (20) is filled with carbon dioxide as a refrigerant.

[0054] Both the above-mentioned outdoor heat exchanger (23) and the indoor heat

exchanger (24) are comprised of a cross_-ﬁn type fin and tube heat exchanger. In the




port (35) of the conpression/expansion unit (30), a
second port connected to one end of the indoor heat
exchanger (24) through the communi cation pipe (15), a
third port connected to ond end of the outdoor heat
exchanger (23), and a fourth port connected to a
suction port (34) of the conpression/ expansion unit
(30). The first four-way switching valve (21) is
tdcoq&igurﬁgmbe i tchabl.e between the state of the o
outdpor, heat’ S¥Taneer iy the saitigeyant; dirculatiag Shroyel throrefrigment tdiguit
third port comunicating with the fourth port (as
(20) exiigRedsyheat wish perdperdr. | dn fiegndapy hasicxchraget @) tiof refifgerant
. first port comunicating wth the third port and the
circulating feropeh thegefigarant eirqurig20) axiehdrizes hewmtith ipdodr afras
shown by a broken line in Fig. 1). [0056] The
[005 3l bhesabeyrinentioded Giesd fialirfveryr swiechirgwdled (219 iveduighed 2dih four
is equipped with four ports. The second four-way
portss wilhe fiirst Jowralvases wikdhingredvea(2il) haia foe %01@ obiReicado b disdRarge
outflow port (37) of the conpression/ expansion unit
port (33Ppf tha compesssiop@kparBRANBEL(80), h @ecdnli§Hot dd8he @iltoUne £hE of
out door heat exchanger (23), a third port connected to
the ihdver dieae exelddgero{24) RBroubE R riiesEi 4h thi
t hrough the cgrrmtjr;'?cati gn pf F?Eﬁ%{l%), gﬁgﬂgé f(gﬁ? %ihthlrd port
conngd toGBRAE o thel Sutdddr h@it!eﬂ%aﬁ%lt (Z%ﬁ Ghd foofuji}Fp rt connected to
conpr essi on/ expansi on unit (30). e second ?our-may
a suétiint péy ( bshi Nolt 0 swh L chabl
Bbv r?4)’ Ve g&%}?&%h@?%bﬁﬂéf qmﬁt g%ﬁ_nu%g ab fSur-way

bet ween the state rst por ni cati ng

B RS kM b A beCRITE Rlo

comuiei@le M1, 26 FeCorl ne L b TP B0k cobPLGE Ml ap ravie

R R e b R A e R

N et LA N T KT
nt invention. The conpressi on/ expansi on

to.,the pre
abr(ﬂi?ﬁiline(‘%gﬁg'ﬁlguses the conpression nechanism (50), the

ansi on mechanj sm (6Q), and the notor (40) in the
[0056? e a%ove-mentcione secozgd fgur-way switching valve ((22)) is equipped with

four ports.  The second four-way switching valve (22) has a first port connected to an
outflow port (37) of the compression/expansion unit (30), a second port connected to
the other end of the outdoor heat exchanger (23), a third port connected to the other end
| of the indoor heat exchanger (24) through the communication pipe (16), and a fourth
~ port connected to an inflow port (36) of the compression/expansion unit (30). The
second four-way switching valve (22) is configured to be switchable between the state
of the first port communicating with the second port and the third port communicating
with the fourth port (as shown by a solid line in Fig. 1) and the state of the first port

communicating with the third port and the second port communicating with the fourth




casing (31) which is a horizontally long cylindrical
encl osed container. The conpression nechani sm (50),
the notor (40), and the expansion nmechani sm (60) are
al so disposed in this order22in the casing (31) from
left toright in Fig. 2. It is noted that "left" and
"right" used in the follow ng description referring to
Fig. 2 respectively stand for "left" and "right" in

5 h ti d not 40) i
port o3 na Aproka WEER T The cacing (31 in the
[005ifg?ﬁrl“fd@ﬁwa??'é%ﬁ%%w%%m”%%ﬁ Sthtor (41) is

i xed o t he above- nenti oned caS| (31). The ro

As shopgy I} b2 dho cOBPera ppanen SOA(HD cpmstifutesibe ﬂagﬁma%bmery
mai n Spl ndl e portion (48) of a shaft (45) coaxially

accopHAg & thenprgergh inveationt ofhe( cpmypressopsopansion pes (3) akw@ﬁ@r the
eccentric portion (46) is fornmed on the right end of

compragsioramechaniram (500 rtbel expiaasion paxBhanismd69), smhihe mefiten@lR o the
eccentric portion (47) is fornmed on its left end. The

casinga@® dvlactetier a eowontally lvogt cplindride) englofesh weotaiviet.h The
its dianeter larger than that of the main spindle

comprossidrome¢HBisnagdd)) thef motor ¢40)n amd tlecegahsion nealargésm (60) are

: relative to the shaft center of the main spindle

also ppddedin (HMSdrdoyinahp gt @1)irondeft] egright in Gip. 2he It ioneted that
hand, the small dianeter eccentric portion (47) is

“left? &Ed‘fﬁ(ighﬂ’ tidediih %&ﬂoﬁﬂﬁr%f deSerRtiorefetiaitot gt Rbpdciely stand

mai n spindle portion (48) and is forned in an
for “RECANY FHghiMRRL 2 el ative to the shaft center of the
mai n spindle portion (48) by a predeterm ned degree.

[005 q;’?he ghielméfihed RN (OY ﬁsdi%g(‘)secﬁ%ﬂ. ﬁ’se kntePbPihk Qﬁsirég #1) in

60] The above-nentione i S connecte

the l%élhxd?ﬁhl cHl}gcf?érHTp THOhoff 1ncﬁftﬁ!s A€ Srator L) SR ér}gt(ﬁ’i 12).

is reserved at the botto above-nent’i on

The &9115% Eﬁﬂl)rpéé%eél tg-&gfg ftﬂoqg-rn%&ﬁ{t)h%g%ag, m%,g&% puﬂ}%%gtoy %Ii.?fs agﬁosed
UG R N LA —
passerg%:mughﬁl rgg)O)@{)pnst itutes what is called a

[0059] A large diameter eccentric portion (46) is formed on the right end of the
above-mentioned shaft (45), and a small diameter eccentric portion (47) is formed on its
left end. The large diameter eccentric portion (46) is formed with its diameter larger
~ than that of the main spindle portion (48) and is formed in an eccentric manner relative
to the shaft center of the main spindle portion (48) by a predetermined degree. On the
one hand, the small diameter eccentric portion (47) is formed with its diameter smaller
than that of the main spindle portion (48) and is formed in an eccentric manner relative
to the shaft center of the main spindle portion (48) by a predetermined degree. The

shaft (45) constitutes the axis of rotation.




scrol |l conpressor. The conpressi on nmechanism (50) is
equi pped with a fixed scroll (51), a novable scrol
(54), and a frame (57). The conpressi on nechani sm (50)
is also provided with the Zdbove-nenti oned suction
port (34) and the discharge port (35). [0062] In the
above-nentioned fixed scroll (51), a whorl fixed side
lap (53) is projectingly provided on an end plate

The end plate of the fixed scroll (51) is
[005%’53‘)@8 ghgve-mentiargdn ﬂi‘tstfgS) insopprstegnwith Awdoil iprmpa ot shown,
above-nmenti oned novabl e scroll 54), a whorl novable
Besideyy dulriggting gl is sesprvfl @t thenbptionp ob thiede vomentiphed easinigk@1).
end plate (55). The fixed scroll (51) and the novable
The dubridating Bdl) is ammlm:dsm:o bedhopgogine layd tsopmzdho the hempression
Engagenent of the fixed side lap (53) and the novabl e
meckangem (30 afb e eapirmsim héshanicmn(e0 eHs uenindhiaidagon.(59) to
be partitioned. [0063] One end of the above-nenti oned

[0063 LThe aboyzantnt{oddd compresine aleebanirh H50)@naii@s what is called a
circunferential side of the fixed side lap (53) and

scroll kemipessedy) €TEE d@mpreBsidd Sechddisrh Wﬁﬁg 19telifippbaRbth 4 Bied scroll

above-nenti oned di scharge port IS connected Wi th

(Sl)Eﬁﬁ;&ﬁﬁleesfcrd?f (34h eande ¢raledts) 5?He eémlsﬂassufﬂ Heehaifn?!(50) is

and its one end is opehed I n the COfT'preSSI on .

also PRATHRAwiltH abcﬁ@%élﬂdﬁe@ RhioH g: ?@r HoRk n‘l a%é eﬂo‘i’le@g

on the center of erig t Si e end

[OO6QT Iﬁ ht‘ﬁe apRve: Iﬂéﬁ{}&ﬁe‘anp%m‘é%*ﬂ' ?5120 3 0%5)1(1 Sﬁy)midh and 1 ) ©(53) is

di aneter eccentric por € sha

t
Pf°J&ﬁﬁ%*Y£%‘b@@ﬁ%%?M£%’%e AN %m‘fat%’ Eé%) e FERLS @b S
t (58
= D S gl RO YRR Y
t he vabl The vabl crol
COR RN TR NE R M érw% Z@e end plate
ni radius wt ation. The turning radius of
(35). t m%%&#@“s@mf fg*s&}w? erspoll (Shhae 4sposed oppgsiisly toreach
th entricit éf thg smal | di ameter eccentric portion
other 4 gaqems? R XSS 51 1M SRLEeaRpERS B TrodRBhHlkrrs the
(60) % what is called a sw ng piston
compression chamber (59) to be partitioned.
[0063] One end of the above-mentioned suction port (34) is connected with the outer
circumferential side of the fixed side lap (53) and the movable side lap (56). On the
other hand, the above-mentioned discharge port (35) is connected with the center of the
end plate (52) of the ﬁxed scroll (51), and its one end is opened in the compression
chamber (59).
[06064] A protruded portion is provided on the center of the right side of the end plate
(55) of the above-mentioned movable scroll (54), and the small diameter eccentric

portion (47) of the shaft (45) is inserted into the protruded portion. Besides, the

- above-mentioned movable scroll (54) is supported by a frame (57) through an Oldham’s




type expansi on nechani sm and constitutes the positive
di spl acenent expander of the present invention. The
expansi on nechani sm (60) is equipped with a cylinder
(61), a front head (63), a4rear head (64), and a

pi ston (65). Besides, the expansion nmechanism (60) is
provided with the above-nentioned inflow port (36) and
outflow port (37). [0066] The left side end face of

3, SRR TOEISEY A0 L8 5 AT o
590! Tl o 8 D bl e
B QI RGOS RS AR DS R i o

are. bl.ocked.by the front head, (63) and the rear head

sam¢ gythe dggree PESRGeR oy aﬁo thg smgl} diamsier sReangic BATEAB M7 62)
s . formed in the cylinder (61), and the outer ) )

(00657 ThefrodF apionsd e¥asesion Beshinisas(o0) iewhaltiseled iaaming piston
sliding-contact with the inner circunference of the

type (Sxpatféay meghEnisny gud gpnstisuteh igrpdsitivei displanemjent expander of the
above-nmentioned piston (65) is fornmed in an annul ar

present Ugxentionr i teel exphangien mEnkanims (6 islequippedr with atclybinder (61), a
piston (65) is approximtely equal to the outside

frontdieadé639s a iar béwel (64), gad dipastet 66). e Resides,ithe pxyrankion nfeéhnism
The |l arge diameter eccentric portion (46) of the

(60) stabrid¢dibjthitlee ghroseintmdosal iafotvaopa36) ddronuldw hbe (37).
pi ston (65), and the inner circunference of the

[0066] Shetef( §8¢ ebagack! dfkthe @bs@hastionst lpliader gppy RV By the
entire outer circunference of the |arge dianeter

- fronteRa€ (63)] Sdiiey figlartideddll. fad DR B ckdd By ARONEr RRAL(6PHNC T hat is to
piston (65) is provided integrally with a bl ade (66).

say, thB €rodPheall(63)an GRS reaPhdaQT(EBLab R sdriead PHIRL B eRliRL €

and protrudes outwards fromthe outer circunterence

[0069f Tﬁé“ﬁnoﬁb%{éﬂgoﬁﬁg%istoﬂrtﬁsﬁ§ Rt ﬂgé@)ﬁggéerr gﬁ)e\ﬂg%@ pﬁé;ends

i's sandw che ween t'he 1 nner circu

are bEYdikkd %?EﬂéléS )%:b)nt aBgh gd?ﬁ BHYRE r{)a;r/ rﬂ%m&-@]e ggg s?év%rlﬁhlﬂﬂeig. 4, the

pi ston , 1s partrtioned _ _

exp (1)(\9/%/_{1 %1%%1203%3 gﬁeﬁsi? ggﬁzegllsigghéa ?%l{en%léf @'yreli,l. AN the IogFe} cﬁ'ggm%e?eence of
the piston (65) has substantially sliding-contact with the inner circumference of the
cylinder (61).

[0068] As shown in Fig. 4(A), the above-mentioned piston (65) is formed in an annular
or cylindrical shape. The inside diameter of the piston (65) is approximately equal to
the outside diameter of the large diameter ecoentric portion (46). The large diameter
eccentric portion (46) of the shaft (45) is provided so as to pass through the piston (65),
and the inner circumference of the piston (65) has sliding-contact with an approximately

entire outer circumference of the large diameter eccentric portion (46).

[0069] The above-mentioned piston (65) is provided integrally with a blade (66). The




[0070] The above-nentioned cylinder (61) is provided

wth a pair of bushes (67). Each bush (67) is forned

in the formof a semicircle. The bushes (67) are

di sposed sandw ching the 5ade (66) in between and

slide against the blade (66). Mreover, the bushes

(67) are rotatable against the cylinder (61) while

sandwi ching the blade (66) in between. [0071] As

S .ip Fig. 4, the above-nentioned inflow port (36)
bladg 2‘9‘%}3@&111? in iae foranet anelate E(T’GISETOHH@‘?SCWC{;U&@Q the outer
. Introduction path. The end of the inflow port (36) is
lec‘@]&f@’i‘?@ﬂe, obHhetpigton (6D  The exprnsionechbmbert (63p.aethich 39 sandwiched

position where the inflow port (36) does not directly
betwigeihihgrinesitcircwh feerich of thepatisdeam(6thamithe 082 pircumference of the
_ Specifically, the end of the inflow port (36) is
pistopdéfkds pamitivhel by this bindhdwionte $ighdprogrueositaciuctibi/Bxpahsion

end face of the large dianmeter eccentric portion (46)
side)amd tiheloiwapressuss dde @lischivge fidept head (63), at a

slightly upper position on the left side of the shaft
[007@f Whe rabote-ieati Gidncydpidad tﬁz AergrbPied (AR al phirbs budied(67).

[0072] A groove-like path (69) is also forned on the
Eachf tueRt(6MeRdofrRed) in B [HHQWR al Brfidittle. 4(HR) bushgbegg) are disposed

groove-like path (69) is fornmed in the form

SRR S0 65 AP 581 g AT o S, o

: . . : : : h .
SR
betwigad (63) is in the formof a vertically el ongated

26

rectangle in Fig. 4(A). The --- ------ ------
007 8PS 53R Bk L S i B By B o
head S5 0 EheaRiS i Spessicfierpubr dhe Pl i s infey gt 4) s
orenk TR LA PR R S P L) a0 L v
does %Vci)ttcﬂretcﬁj? cgglgmfn?c%tee \gifth Echrg:eexlp2155?‘1:]0%1 ghla%rlr)glt‘ (e6r2). Specifically, the end
of the inflow port (36) is opened, in the portion having sliding-contact with the end face
of the large diameter eccentric portion (46) on the inner side of the front head (63), at é
slightly upper position on the left side of the shaft center of the main spindle portion
(48) in Fig. 4(A). |
-[0072] A groove-like path (69) is also formed on the front head (63). As shown in Fig.
4(B), the groove-like path (69) is formed in the form of a concave groove which opens
on the inner side of the front head (63) by drilling the front head (63) from the inner
side.

[0073] The opening portion of the groove-like path (69) on the inner side of the front

head (63) is in the form of a vertically elongated rectangle in Fig. 4(A). The




eccentric (46) on the inner side of the front head
(63). The groove-like path (69) is comunicable with
t he expansi on chanber (62). [0074] A contuni cati on
path (70) is also forned or2éthe | arge di aneter
eccentric portion (46) of the shaft (45). As shown in
Fig. 4(B), the comunication path (70) is forned in
the formof a concave groove which opens on the end

I U S R e g

porf I8} T R PRl B Igh‘%‘%ﬁ» e ;@(Oif?e ek puth
i i on. 70) 1. i .

(6957 TRl SR B o i cbaientiee e Pilinder D P B lower

| arge dianmeter eccentric ortion (46). Moreover, the
end 53R T RGO A e P s PR Rogi 508 ARG arke clameter
circunferential direction is |ocated on the |ine )
eccepiiendl) PR dhs Hmes pide ©of dhanirant kgadi(®). nelihe eregienkificepath (69) is
portion (48) with the shaft center of the large
compugicable witidbe pxpangiopehambss (626) and on the ot her side
of the shaft center of the nmain spindle portion (48)
[0074% | communisatipe pathh@10) is exltoe forofedt dre theatayge diaarosdrecceentric
_ eccentric portion (46). Wen the shaft (45) rotates,
portivhéd@arfitbmsledit (460 pit shofvaOn Kif. 4(By, thacganinkatte path (70) is
_ eccentric portion (46) noves accordingly, and then
formethenithé [foom phrat condsije giobes Ritittebpéngs GO MRUBMT fice Sofvihe Narge
the groove-like path (69) via the comunication path
diamt#P JeccdnBiy pbrtidn @B BPpdsite b Ghe 4oM} hedd@63) by drilling the large
above-nentioned I nflow port (37) is forned'in the
diam@iek edudafric(fotton (HBEfrbmnBE egMdcdlidé.he inflow port (37)
opens on the inner circunference of the cylinder (61)

[007§ﬁgé§&st Re SIRVRAIRSERN 4@%%@&0&1@@1‘%@&%&9 96) iggﬁxtn,{di in the

inflow 27 port ( opens close to the ri

formQff dnhfc I@kt%ﬂ(ﬁn& Q@ngitﬂe Git8r ci%@%}ferehg@ Z{ 1&18 Wg@ %Ya?ﬁetclert dée?:gentric

above- nenti oned expansi on nechani sm ) IS prov

pordh 1 T 681 0P L=k T 1, 0o
mrcu%né‘%:;eﬁﬁa‘algdéﬂégtgo%ﬁ%) cal dz J%tg Bhe' Bhe &%ngé&%qﬁé Watf Iggnqgregf the main
spindle portion (48) with the shaft center of the large diameter eccentric portion (46)
' énd on the other side of the shaft center of the main spindle portion (48) relative to the
shaft center of the large diameter eccentric portion (46). When the shaft (45) rotates,
the communication path (70) of the large diameter eccentric portion (46) moves
éccordingly, and thén the inflow port (36) intermittently communicates with the
groove-like path (69) via the communication path (70).

[0076] As shown in Fig. 4(A), the above-mentioned inflow port (37) is formed in the

cylinder (61). The inner end of the inflow port (37) opens on the inner circumference

of the cylinder (61) facing the expansion chamber (62). The inner end of the inflow




with a position of the suction/expansion process of
t he expansi on chanber (62). The communication pipe
(72) is provided with the circulation control
mechani sm (73) for sw tchi2¥g between circul ati on and
stop of the refrigerant flow ng through the
communi cation pipe (72) and regulating a flow rate,
and the backflow prevention nechanism (80) for
preventing the fluid fromflow ng fromthe expansion
portdBAransns ¢lesy to therighttside Qféhnﬂninqia:@ﬁ) iorFigi 4(4)( 72) . [0078]
The above-nenti oned communi cation pipe (72) is
[00d Mercoed, tbe obevermentivmet ekpanson deechénisthe60) iaheoyviddal) with the
Fig. 4(A). Specifically, the above-nentioned
compmnatipe aipedf2) g3i penimjicationgatinehich divwirgds feorp el inflow port
t hereof bei ng passed through the cylinder (61) at the
(36)posidhi isnhofludppfiow sidd @l e 2@pdniod GhhMbéNE?2), and commumcates
countercl ockwi se direction in Fig.4(A wt

withC£ Bb&fiobf ﬂl@ts@&ﬂl&ﬂmqfanélbﬁ PR%@J%Q)T tﬁ@&pﬁ@ﬂoﬁ%}lﬁiﬁmg) O The
' based on the center of ation of the shaft

combfR 73 iod Bﬁjeg(gg)’ B rovideQ %ﬁl e GlehBlidd eoﬂﬁﬁtrpé’éhham sm (73) for

mechani sm is provided at a position o

sw1t(é:ljﬁﬁé' hdf& Bl Qrﬁ%glaﬁﬁm GRlp @7 ﬁ’liep?efﬁggr?mto Yo thﬂ)?l@;g) the

yl T nder (61 e clrculation cont mecha
comb RGO TS A0, SaREA THE DS G B

mecfisih (45 1505 b%q%&ﬂea?“ﬁofﬁ? g iFot, %%fﬁa%ﬁ%lgwbﬁﬁbeg )
. h 72
Imogjgjrc%%?? t. %%Ha oves ggntl ongpeﬁlo:]ngunt ggtslo]on_rﬁgpe (72) by

nt i oned ackfl ow preventign nechanis
[007g£%piage A¥E-BEERRS Z@MHWCE&@HRIHG 'za s cpg@gcte#]ﬁlgse to the left
val i s provjded at a position of the
side B i Frde o %agpé@( 2 She ol Trebeye miratpnecppmmigation
n-return val ve I's _disposed on the expansion
pipe éﬁ%?nlﬁ &pnnpegted withya paxatthﬁé"ﬁot‘tm paseedaheuighithe eylindar 6d) at the

valve (73) and close to the expansion chanber (62).
position of approxXimately 20° to 30° in the counterclockwise direction in Fig.4(A) with

the center of rotation of the bushes (67) being assumed 0° based on the center of rotation
of the shaft (45).

[0079] The above-mentioned circulation control mechanism (73) is provided at a
position of the above-mentioned communication pipe (72) outside the cylinder (61).
The circulation control mechanism (73) is comprised of an electric-operated valve
(injection valve) capable of adjusting the degree of opening. The electric-operated
valve (73) is configured to be able to regulate a flow rate of the refrigerant flowing
through the above-mentioned communication pipe (72) by adjusting the degree of
opening.

. [0080] The above-mentioned backflow prevention mechanism is comprised of the




[0081] More specifically, as shown in Fig. 12, the
non-return valve (80) is conprised of a support (81),
a coil spring (82), a valve elenent (83), and a val ve
seat (84). The support (8198 is fixed to and supported
by the inside wall of the comunication pipe (72). A
plurality of circulation holes (85) are forned on the
support (81). One end of the <coil spring (82) is
supported by the above-nentioned support (81) on the
non-§thg Bﬁﬁ%iﬁgb The nanerexp atabicotB0d Hamyevid¢da) a positionhef the
other end of the coil spring (82) supports the
comppgicatione mipo el inaldeethe| esimder (60) . Theenomatetnen evabveei80) is
(83) is conprised of a ball type valve el enent which

- disppssdfonrtheexpansibh ehdroben(6d) sidepnther thah dheyelseric-opérard valve (73)

or trapezoidal cylinder. The valve seat (84) is fixed
and tloseatodhs emypasive dhdiybdr §2). communi cati on pipe (72) so as
to be located close to the tip of the valve el enent

[008( BBJore spaificatly, 8 skbwiBIFig( BB )hdhasRFurWalvdq80) is comprised of
above-nentioned coil spring (82) to cone into con?act

a suppdrh (§1h€a \caliv ﬁﬁg?séz § §4alveBehBhiS(83), At HhRve SO (84). The

non-return val ve is configured to allowthe

suppE)#]tLe(BIb ib Gixbd pyadd éﬁg]r)%l}te‘b? %Mc%ﬁ&él?ﬁ%@% Q&Iﬁﬁﬁ)c:ﬁfé&i ]IQBF 2.

expansi on ch iting 't
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| oW pressur,e sensor 74h) , ich are nerally.
abovgiaonc valve glenepy r(‘?éer The velte &%ﬂ&@é 489 s pRmplisst o ball

neans 74 f .the. air_ conditioner, (10) . is adapted to
type (BT HeERL st B BT Gl Sermn oF SoPIIEn R R reular or

val ve élﬁ%%on he b?sis of the, pressure detected by
trapegpidale c¥lindssy s ]LIF’M’&,VME‘?EIM@“) sodesf toosedasimperteteby the

operation of_the above-nentioned air conditioner (10)

- commpmication pipe £72)seds t4be docated close to the tip of the valve element (83).

The valve element (83) bigsed by the above-mentioned coil spring (82) to. come into
contact with the valve seat (84). By this structure, the non-return valve (80) is
configured to allow the fluid to flow from the communication pipe (72) into the
expansion chamber (62) while inhibiting the fluid from flowing from the expansion
chamber (62) into the communication pipe (72).

[0082] As shown in Fig. 4, the air conditioner (10) of embodiment 1 is provided with
the overexpansion pressure sensor (74¢) for detecting the pressure in the expansion
chamber (62), in addition to the high-pressure sensor (74a) and the low-pressure sensor
(74b), which are generally disposed in the refrigerant circuit (20). The control means

(74) of the air conditioner (10) is adapted to control the above-mentioned




description is made of the operation of the air
condi tioner (10) during the cooling operation and the
heati ng operation, and subsequently of the operation
of the expansion nechani snd9 60). [0084] <<Cooling
Operation During the cooling operation, the first
four-way switching valve (21) and the second four-way
switching valve (22) are each switched to the state
i ndicated by the broken line shown in Fig. 1. \Wen
elecisigopnerated ypkyei@d) ov thedapiptafr thegppssure defected by these sensors
conpressi on/ expansion unit (30) in this state, the CO2
(7425 T4¢br ant circulates in the refrigerant circuit
éZO) to carry out the vapor conpression type
[0083g+Dperetien+ on cycle (super-critical cycle). [0085]
The refrigerant conpressed by the conpression
The mpehation s thd QhovesmehitRabdagrecbnditionst (10 will be described. Here
conpr essi on/ expansi on unit (30) through the discharge
descfiptidén (Shade |dT thbicpesitioh &F the her BE:RHSGMHE (96) &ltthg the cooling
refrigerant is higher than its critical pressure. The
- oper@tfiiCHAY 186 Ueatin@ opbAEbAMNdI ssibde@dertthir sTUBY o%é?@ti&rﬂ &fShe expansion
four-way switching valve (21) to'the outdoor heat
meclrea @y (23). In the outdoor heat exchanger (23),
heat exchange is carried out between the in-flow ng

oogh et QR gyt door air fed by the outdoor fan
: (Eg): %%r&ﬁg ﬁl'Jtnhis heat exchange, the refrigerant
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expansi on passes flows out of the

@“PQﬁﬁﬁﬁP@é§F%¥/expansion unit (30) through the outfl ow

. gort (37), and passes through the second four-way
[0085] The refrigerant compressed by the compression mechanism (50) is discharged

from the compression/expansion unit (30) through the discharge port (35). In this state,
the pressure of the refrigerant is higher than its critical pressure, The discharged
refrigerant is fed through the first four-way switching valve (21) to the outdoor heat
exchanger (23). In the outdoor heat exchanger (23), heat exchange is carried out
between the in-flowing refrigerant and outdoor air fed by the outdoor fan (12).
Through this heat exchange, the refrigerant dissipates heat in the outdoor air.

[0086] The refrigerant which has dissipated heat in the outdoor heat exchanger (23)
'iaasses through the second four-Way switching valve (22) and then through the inflow

port (36) and flows into the expansion mechanism (60) of the compression/_ekpansion




swi tching valve (22) and is sent to the indoor heat
exchanger (24). [0087] In the indoor heat exchanger
(24), heat exchange is carried out between the
in-flow ng refrigerant and 30ndoor air fed by the

i ndoor fan (14). Through this heat exchange, the
refrigerant absorbs the heat fromthe i ndoor air and
evaporates, thereby cooling the indoor air. The

..l ow pressure gas refri.gerant out, of the indoor heat

unit G5 hrgibe © 1055%%%@“ B ﬁi;ﬁhetulvfgﬁﬁqsglfre F%ﬁs@%*yls expanded
swi.tching valve (21) and then through the suctiaon

and gg iptepml energy He camesies dato therotabien diwse &f dhe shaft (45). The
mechani sm (50) of the conpression/ expansion unit )

low-preeyure THEgTanfnties expensian PR SaWe 90Y oldbrprapseyon/fepansion
absorbed refrigerant and di scharges it. [0088]

unit €<&e durdowvgh Gpe putflovn pOdr(3AYy arde pisses ithrguglp dreastaond fomeway
first four-way switching valve (21) and the second

switdhing vales (22Waddisisorg tv dleviad¢? 2pataxehanae(2dwi t ched to the
state indicated by the solid line shown in Fig. 1.

[008VYierthe mdeor heat enphhnged (24), lidaeexobhge i€ 48yicdbut bedween the
conpr essi on/ expansion unit (30) in this state, the CO2

in-fléwihg irgRiganht fldrisddorbiSed By tHednddoR ffid @ay.arthreugiCthid heat
(20) to carry out the vapor conpression type

exchfuftle] tHIQERIce ANt S661H8 thd ISAPBOMChE tdest aif ¥itd &apodaf@S@kreby
The refrigerant conpressed by the conpression

coolilB ARBRESIP 42 O)The SovilpaGHaE 988rei@strar@buf (¥8he indoor heat

conpressi on/ expansi on uni t (30) through the di scharge

e:xchr e% I(igﬁ ?gsseé Iﬂg&%hg e ﬁfs‘?ﬁcﬁlr-v& V\‘?{clﬁtﬁ%g% egéle)te{?ﬁ then %oeugh

nt er than its cr ssur e.
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comTERIT SR i G o CORRlest S s BRRLOR S corflorrg e
sbsolt S FAGEAN s GrrbPERofly ant i osi pates heal 1n the
008 Rk NP RHER nas i ssi pat et heat I n the f ndoor

hegt exchanger (24
During %16 heating o%eratign, tLe first four-way switching valve (21) and the second

four-way switching valve (22) are each switched to the state indicated by the solid line
shown in Fig. 1. When power is applied to the motor (40) of the
compression/expansion unit (30) in this state, the CO, refrigerant circulates in the
refrigerant circuit (20) to carry out the vapor compression type refrigeration cycle
(super-critical cycle).

[0089] The refrigerant compressed by the compression mechanism (50) is discharged
" out of the compression/expansion unit (30) through the discharge port (35). In this
state, the pressure of the refrigerant is higher than its critical pressure. The discharged

refrigerant is fed through the first four-way switching valve (21) to the indoor heat




passes through the second four-way sw tching val ve
(22) and then through the inflow port (36) and fl ows
into the expansi on mechani sm (60) of the

conpr essi onl expansi on uni t31(30). In the expansion
mechani sm (60), the high-pressure refrigerant is
expanded and its internal energy is converted into
the rotation power of the shaft (45). The

R e e TR 1l o
out f | ow Rort and passes thr ough the secon

betweg, the iy %wngcn@frrajrw g andopy yaig o Theoughpthis; beat Wéchange the
out door  heat exchanger (23). [0091 ] In the outdoor

refrigarant dissipaten yest ip te)indons air to hedidhrjadoer adtar ri ed out
between the in-flowi ng refrigerant and outdoor air,

[0098hdhe trefrigefant gdricnhasnlssipited theatt inf thenintiber beat deohanger (24)
and evaporates. The | ow pressure gas refrigerant out

passexf thtdughah deond Heatwax skiaditer valy2 832) pad Shen tHrowgigihe titnfbow
first four-way switching valve (21) and then through

port (36 adddldvanintddthet exipadiiion Mebiganishs (6l ed the tombieesion/expansion
conpr essi on nmechani sm (50) of the conpression/

unit 30p.aNEi the expiinkioh IRdchadibR (60))EHeE Sh-Pres5BE heffigsiah( 8 Qkpanded

conpresses the absorbed refrigerant and di scharges

and it intb@@P hersr P ebdrRA ifo HXABRELR HoWRE RANKS REaT: P(bsgt The

t he operation of the expansion nechanism (60) wll

low-pe8&kd REHeMnt eﬁ{e‘f'ré(g&%ﬁrpﬂo@é 98t of tﬁeocoé%prefs'lcgrlex%aﬁﬁ&ﬂ(‘@mt

a section of t he expansi on nechani sm (
o0 GFSBEOdE Uk b ST R e 0088
vaiv@(a2) e SAL L AR)cod Mol 8Bgnedy b L hose i ndh cat od

OW an e arge f the expansion
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port (34) to be absorbed into the compression mechanism (50) of the compression/
expansion unit (30). The compression mechanism (50) compresses the absorbed
refrigerant and discharges it. |
[0092] <<Operation of Expansion Mechanism>>
Next, the operation of the expansion mechanism (60) will be described by referring to
Figs. 3to 11. Fig. 3 shows a section of the expansion mechanism (60) perpendicular to
the central axis of the large diameter eccentric pbrtion (46) at every 45° rotation of the

shaft (45). In Figs. 4 to 11, those indicated by (A) each show an enlarged section of

the expansion mechanism (60} at every angle of rotation in Fig. 3, and those indicated




(62), the shaft (45) turns in the countercl ockw se
direction as shown in Figs. 3 to 11. [0094] As shown
in Figs. 3 and 4, when the angle of rotation of the
shaft (45) is 0, the end of2 the inflow port (36) is
covered with the end face of the |arge dianeter
eccentric portion (46). That is to say, the inflow
port (36) is in the state of being bl ocked by the
rge.di aneter eccentric .portion_.(46). On the one
by BREHE iR TS Aot Gt tonof thectrtpion drejgniom (60)
di.,ameter, eccenirjc portion (46). is in the state of
along &ﬁﬁfﬁ?&lﬂwﬂ@%ia&gqﬂ%ﬂe& reenftip horilomi(#e)- pde RigseYP) to
The groove-like path (69) is covered by the end face
11(Bysthe pretiopof theringip spindls pottina (8) igemittedret er eccentric
ortion (46), and thus in the state of
[00951)%@@ e gle-prdseire wiftigeratds modneiddntochaskrensios 2hambkne
entire expansi on chanber (62) is on the |ow pressure
(62).ghel shafy (45 prwmmindlx ¢angtendlodkwiseedivactibh anstpourt in (F3g%) 3 t\L1.
this tinme, since the expansion chanber (62) is in the
[0094] &s shooin indiigy 3lahd dkwherf the anglbef isthficvef thesHafi((38) is 0 ke
hi gh-pressure refrigerant does not flow into the
- end eithainsloonpah@h &rcoférdd with[tRO8R] favh entht e oc@digh®ted becentric
rotati on of the shaft (45) is 45, the in%l ow port (36)
portibs (46). t MBat istcda@, tAé inFIOWBLH G6) saA N dthe bPBeing blocked by the
conmuni cation path (70) of the |arge dianeter
largeQR&RAEYF écCeRBE tpbﬁﬂm((?@)o) T tBOBUOhA, eI mniirAdfion Pﬁt_eﬁl't%)

commruni cati on” path al so communicates wth
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poﬂééarted while the angle of rotation of the_shaft (45

). theoelyPrissirg refisigerantogs potalovs frothe sxprasien chanbsp(

en the angle of rotation of the shaft (45) is 90,
[OOQQVYn ﬁ)ggen the an_gl% of rotation of the shaft (45) is 45°, the inﬂgw p)ort (36) is in the

state of communication with the communication path (70) of the large diameter
eccentric portion (46) as shown in Figs. 3 and 5. The communication path (70) also
communicates with the groove-like path (69). The groove-like path (69) is in the state
such that the upper end thereof is off the end face of the piston (65) as shown in Figs. 3
and 5(A) and communicates with the high-pressure side of the expansion chamber (62).
At this time, since the expansion chamber (62) is in the state of communication with the

inflow port (36) via the commﬁnication'path (70} and the groove-like path (69), the




expansi on chanber (62) remains in the state of

communi cation with the inflow port (36) via the
comuni cation path (70) and the groove-like path (69).
Thus, while the angle of r@ation of the shaft (45)
is from45 up to 90, the high-pressure refrigerant
continues to flowinto the high-pressure side of the
expansi on chanber (62). [0097] As shown in Figs. 3 and

. .7, when the angle of rotation of the shaft (45) is
highypygsSurq IgiriesEARhTIAIS 4t i Hpel-Brcesrug side of Hhe ekpangion chamber
di gneter eccentric portion (46) is in the state of
(62)n o hhatdrin ey catrpdistion phths dgh-prieesuny wwhigerant kngo pleet dxpesdyn
and the inflow port (36). At this time, since the
charghes 46D instagethvhide the @ayleios rotatianhef the sitaé (d5) o diong0° up to 45°.
bl ocked fromthe inflow port (36), the high-pressure
[0096¢As slepevraint Figo 8sind 6t whewtheiangle of hetatorpalithé simfioi@ayeene, the
(62). Thus, introduction of the high-pressure
expangibn ichanbert(62)rtmainkén tparss fudnahaibgion wifikhe ifflow port (36)
termnated while the angle of rotation of the shaf%
via thelegmingnitation (Hh (70) bed hd2roove AARThGORT THIS WRICThE ARgle
of the high-pressure refrigerant into the expansion
of roedtiaRtog the shBRX45)Ss frbmM b esloot e HMOP: |
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wth the outflow port (37) and the
[0098] Atter introduction of the high-pressure refrigerant into the expansion chamber

(62) is terminated, the high-pressure side of the expansion chamber (62) becomes a
closed space, and the in-flowing refrigerant expands there. That is to say, as shown in
Fig. 3 and Figs. 8 to 11, the shaft (45) turns and the volume of the expansion chamber
(62) on the high-pressure side increases. In the meantime, the low-pressure refrigerant
after expansion continues to be discharged through the outflow port 37 fro.m the
low-pressure side of the expansion chamber (62), which communicates with the outflow
port (37).

- [0099] The refrigerant in the expansion chamber (62) continues to expand until the




expanded refrigerant starts to be discharged. [0100]
During the operation of the expansi on nechani sm (60)
in the above manner, the | ow pressure of the
refrigeration cycle may ris® due to sw tching between
the cooling operation and the heating operation in

t he above-nentioned refrigerant circuit (20) or
variation of outside air tenperature. Under such

con Kb uCE e B AF B ke ot ndeg (60 Feasiys B Opflow port 3)
whilshe e Eatatel of e h (49 i peda b OGTo0 e When thd contac

refrjgeration_ cycle, overexpansion |oss occurs when
portiopeofthepigipn ¥aiythe exmder@l herosses thii adhew ged (3T)ntheexpasion

of this, in the expansion nmechani sm (60) according to
charpbgs (p2)ds breugkiribodiomanenicatios witthtbe eutflemt port¥dd) emhtheol

means (74) carries out the follow ng operation control

expagded refiigdrarsisrisfo bhdisphaesslur e detected by t he
_ above-nenti oned sensors (74a, 74b, 74c). [0101 ]

[0108p Bwring tml dpgratiboof theanpimionthedhahisd (60 hahesbovalmanner, the
pressure between the |ow pressure sensor (74b) and

low-pressury of i pefrigeation LRSS e ris€ 8O0 sWitthihg DREAFRIhd &Soliak
than a predeterm ned val ue, the el ectric-operated

oper¥tidnvand(tkShedting bperaGONTAME 8BdveONemidRed rdfif gorahiTi@RR {8 or
to a predeterm ned degree of opening. As a result, the

varidtiogl _f BLEORIS ld!r&em?&ﬁfu}@er[ﬁ{ﬂer Shontlod@itiohd, At e drBdsLRWihe

port (36) circulates through the conminication pipe
pres A R p e et 1] B, BkeRBE Sl i g e
- | 1:Qh-
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refrigerant e non-retur .
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basis”% circul ation holes (85) of. the support 81), the

IR e P eteciodt Y (e pbovementioned sbBA TP T
[01 Oﬁ)g)p%gﬁiicgﬁ]y, %{E‘r%r;bm%;)le(, \GV%)GI:I the differential pressure between the
low-pressure sensor (74b) and the overexpansion pressure sensor (74¢) becomes larger
than a predetermined value, the electric-operated valve (73) in the communication pipe
- (72) is opened to a predetermined degree of opening.  As a result, the high-pressure
refrigerant diverged from the inflow port (36) circulates through the communication
pipe (72). Then, the high-pressure refrigerant passing through the electric-operated
valve (73) reaches the non-return valve (80).

[0102] When the high-pressure refrigerant reaches the non-return valve (80), the valve

element (81) of the non-return valve (80) is pushed toward the expansion chamber (62)




Consequently, the refrigerant pressure of the
expansi on chanber (62) rises. This al nost equalizes
the pressure of the refrigerant expanded in the
expansi on chanber (62) and3Xhe | ow pressure of the
refrigeration cycle, thereby reducing the
above-nenti oned overexpansion |oss. [0103] On the one
hand, when the refrigeration cycle is carried out in

vy i %%fe%ﬂgeeﬁ%ﬂﬁ%faﬁ'&%% T VK —

fri nt fromthe cormulcatlon pi pe
31 e%%;»m?%ﬁ? coSEa R e D i gHoBep SO RSB Pt
a S|on nmechani sm (60) carries. out normnal eration.
FlRgEYts. t Ader passiag threugpide siredatien lvéeS((ﬁéfO%ﬁie S¥Rport
conmuni cation pipe (72) is totally closed under this
(81) by ngh'rmﬁsm@dﬁggq@htsllwoc@mbm the epparsiourchamber (63).
ressure refrigerant is not acted on the valve
COH@IQE%}E the sdfyigerant pressmmofithe enpansian viean(i@d )62 nses. t Hehis
inflow port (36) side, the valve elenent (83) is in
almoshesuglizes ¢haopretsaraef theistfidgerantteapirided naithe exsanion(dhdiunbay(62)
t he pushing force of the coil spring (82) as shown in
and the dpw-pRis8ire ofitherefrige@tion bcle, thdrebyortadihg iR oty arhtched
fromflow ng fromthe expansi on chanber (62) into the
over@pandion vas.i on pi pe (72) by the non-return val ve (80)
when t he expansi on nechanism (60) is in norma

[0108)@r de 08 hahd Wattth th&ehecdsidfc é;@lé’%) Qarﬁsal butlinAfe refrigerant

descri bed herei nbefore, accor ing to the

circuRRYAmIBNhE (Nt SIRRE f8Mhothecdt gﬂ'g o H‘&t tHeQ3 %Efreg?léz)

overexpansi on occurring in the anston' cha

cfidon oB O LSRR ?cauBﬁFJféJeQ%)qgfgucegfé]‘mbﬁn@hﬁlﬁg%?@ﬁ s,

he 1 nfl ow port I'nt’r omt
e ML S ol A I P AR
electﬁ?I %B&Q{QH‘MVE% Sor}‘ rﬂgél goznsn(l zatl }Q‘ é)é%eo ¢72fj%e§¥tg%aﬂ1% le()sedj Gidler this

contffhy? LT SRS BB i
actedOn tlsle valve el%merr{P (83)/ of the non-return valve (80) from the inflow port (36)
side, the valve element (83) is in the state of being pushed onto the valve seat (84) by
the pushing force of the coil spring (82) as shown in Fig. 12(B). Therefore, the
refrigerant is prevented from flowing from the expansion chamber (62) into the
communication pipe (72) by the non-return valve (80) when the expansion mechanism
(60) is in normal operation.

[0104] —Effects of embodiment 1—

As described hereinbefore, according to the above-mentioned embodiment 1, under the
condition of overexpansion occurring in the expansion chamber (62), the high-pressure

refrigerant which is diverged from the inflow port (37) is introduced from the




t he power recovery efficiency of the expansion
chanber. [0105] On the one hand, when ideal expansion
is carried out in the expansion nechanism (60) and
operation is carried out widh the electric-operated
valve (73) closed, the non-return valve (80) prevents
the refrigerant fromflow ng fromthe expansion

chanber (62) to the communication pipe (72). This
fromthe electric-operated valve

revents the_valu
comiuBicaiia? pipg (ZAdaiodhe rRransins eharsz (63 byiqpening the
comuni cat i on _}Ji pe (72) from becom ng dead vol une of
elecirizonsiaiehatym(TSh afitbe comapyicatipi pipe ()b aprédeteamined degree
reduction in the pressure of the refrigerant in the
of opsiing s Tgns 1eisse Beressursiofie refiigerant whikh is Aqgsndet imghy ,
when the communi cation pipe (72) is not provided with
expaniien gbambert(62)to elinlinete ¢@HYxpantiveh Tas, & dNyREbicadMnpve
the case, the anount of power recovery is equal to
the pomer sacemeryfeffRidncy b e dxpasich chhéhbefN the contrary,
when the communi cation pipe (72) is provided with the
[0106pOn tht onerhand) When(iQ€)] eRperisiontifCarAE@58ITH thawMRLGGD, the
anmount of power recovery equals to the area of S
meclpinistn (62) ah@WPerhtions Garritd oul Bh thSelbQrisd %ra%)'c}wtﬁﬁ/gt(% closed,

above-nenti oned dead volune is restraln

the nbARetnf] Wlve (88) bRvERDIhe B {BRANENDA oiB% ?12)&9{1)1% ie&gatn%fgph o

t he present invention during norna
o o o N PR (07 ) i 6 feBine Bt
e T e BBl RSt (o R b TP
72 ek i R Ffalel I R e B Wik Fsbigein
S G N R RN MY
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_X%ive g73), .
- provided with the non-return valve (80) as in the present invention, the amount of power

recovery equals to the area of S1 plus S2 shown in Fig. 14. That is to say, since the

above-mentioned dead volume is restrained by the non-return valve (80) in the expander

according tq the present invention during normal operation with the electric-operated
‘valve (73) in the state of total closing, it is possible to improve the pOWET recovery

efficiency during normal operation.

[0106] Besides, in the above-mentioned embodiment 1, the non-return valve (80) is

disposed in the communication pipe (72) located inside the cylinder (61) and close to

th¢ expansion chamber (62). Accordingly, it is possible to suppress dead volume from




whi ch has a relatively conplicated construction.
[0107] Furthernore, in the above-nenti oned enbodi nent
1, the expansion nmechanism (60) is utilized for the
expansi on process of the super-critical cycle.
Incidentally, since the pressure of the refrigerant
flowng into the expander is relatively high in the
expansi on process of the super-critical cycle, the
amount of power recovery tends to be reduced due to
occyriag ipthy commmsation pipe (€5 maichris phssitler Beaies, imthe he
one hand, since such dead volunme in the expansion
aboygyaspiamed pmpoflisnant huthe dlesizicrpetatedsvabas@B pisdispbsediin ehe
non-return valve (80) in the present enbodinment, it is
comgsiialipe pipe (3)flectddwaitside thepybnder(6k). pAvesrdingbotids y
efficiency of the expander. [0108] <<Enbodi nent 2>>
facilitptse dktermt replapémertend neseaiance v £iheietricSofRat@X IR @3),N
whi ch the comuni cation pipe (72) of the expansion
whidiHeanehtivéld 0dmpBcapsdonscieetiioht h, i nstead of the
el ectric-operated valve (73), the electromagnetically
[0100p Bnitheghdle it e a¥MBentichbd dfbS IRt F],nthg lb}%angién mechanism

capabl e of opening and closing for the fluid machinery

(60)q3 utﬂfﬂéﬂ%ﬁ@é‘&xﬁansigﬁ‘?roc@ﬁc&f%é@ﬁk*%% E)g:@é. r thiﬁaﬁ{ﬂﬁg since

(74) is configured to open and cl ose

the [RERYR-JTRIY oA hsgmgqms gkﬁﬁﬂdkﬁfis gagt:i%g)rgﬂigh gn?{hgg

valve (75) at” a predetermned " timn ¢
e B B R AT EE KO o tends 0 e
red e (T dch B P Hrasiih el B o
sine KSR RO A bl B Db RSE b Gicero
by 6 ot ERALHER (A S BRI o) Brsu gl Gaopble (3 sfetitebne
impr R SELieE vy Pictenpt ablbureabomiet ne el 1 ger ant of
(oRSEBaRghTSharer (620 A o I enbodiment 2, a
Embg igl%g].{ gg?t%g %trei:sgr?tl iln)r/en?igg ?sl ar;lge{x%Ll%?; irr]19wl\1/i31|1 Yh% CS)IZ‘.El‘ZUI‘liiCrE]lﬁon pipe
(72) of the expansion mechanism (60) is provided with, instead of the electric-operated
valve (73), the electromagnetically opening/closing valve (75) as shown in F ig. 15
capable of opening and closing for the fluid machinery of embodiment 1. The
| above-mentioned control means (74) is configured to open and close the
above-mentioned electromagnetically opening/closing valve (75) at a predetermined
timing under the condition such that overexpansion occurs in the expansion chamber
(62). The other portions of embodiment 2 are configured similarly to those of

embodiment 1 including the above-mentioned backflow prevention mechanism.

[0109] In embodiment 2, when overexpansion occurs, it is possible to eliminate the




the state of total closing, it is possible to prevent
the refrigerant fromflowing fromthe expansion
chanmber (62) into the comunication pipe (72) by means
of the non-return valve (88). Accordingly, also in
the present enbodinent, it is possible to prevent a
reduction in the power recovery efficiency due to the
dead vol une of the expansion chanber (62). [0110]
ssE PdlﬂEnt 3>> Enbodi nent 3 of the present invention

condijign, ol oxergxpansion by praningHhe sl¢ciranagnstipallyi apening/dasingehlve
f.or the communi cation pipe (72), the differentia

(75) in despmunynigajien pirg)(7akatssedeterivineditgning Sheiiehy tasing e
the electric-operated valve (73) of enbodinent 1 and

presgife of tiegefrigonntefshe cxpanyion phamimy(62)0s Alg mambeadinta) 204t
enbodi nent 2. The differential pressure valve (76) is

the type pEnathalvyenatipnewith therdeeadmdiddienBnspeatngiless. %fieﬂve (75) in
occurs between the pressure of the fluid at t

the stat¢ ef twizd ichbingpio i fidssibledtt prdV@nt the redi Ra s fRdin ﬂb%@gsﬁmﬁfthe
the expansion chanber (62) and the pressure on

expansibh lchanisér §62)ahtotthe cdrhmuicatidity ?)Q Y 8y WRAh{ SBE non-return
pressure acts directly on the d|f rential pressure

valvy 80ye Ad&rdinflysalsd fh the PRkt @ﬁﬁbdr’ﬁlen} '}Lels E,r Eklﬁlgttd’%ﬁvent a

valve (80) is provided as the back eventli

d |
e MR b

chanfRpygz)ment i oned dlfferentlal pressure valve (76) is
conpri sed of a valve case (91) fixed in the passage of

[01161& ntioned communication pipe (72), a valve
ment novabl y prOV|ded in the valve case (91)

Emb88fhef SPELE %{45?@25“‘68 Bptectn ot B %m;t; o
prov%l%% %g\(}(heaé%o&l}r{l%xﬁel& l 1363 {?gt?tﬁe gﬁﬁmk&rpf%ygoﬁmgpg%g shown
9
in Fl%bl%fna*éegah%ﬁ PO e R A P b b, hind e
oncave portion (91a). The  above-nenti oned

cleejiAgact gﬂa@ﬁﬁﬂ?m‘&@glfs@& ol (B eiSabadiment £helbs diiergtial

pressﬁre va‘ive (96) is o;g)erated when predetermined differential pressure occurs between
the pressure of the fluid at the intermediate position during the expansion process of the
expansion chamber (62) and the pressure on the outflow side of the fluid. The
above-mentioned pressure acts directly on the differential pressure valve (76). Alsoin
embodiment 3, the non-return vatve (80) is provided as the backflow prevention
mechanism for the communication pipe (72), similarly to the above.

[0111] As shown in Fig. 17, the above-mentioned differential pressure valve (76) is
comprised of a valve case (91) fixed in the passage of the above-mentioned
communication pipe (72), a valve element (92) movably provided in the valve case (91),

and a spring (93) (See Fig. 17(B)) for biasing the valve element (92) in one direction. -




17(A) position) for closing the above-nentioned
comruni cation pipe (72) and to the opening position
(Fig. 17(B) position) for opening the conmunication
pi pe (72), and biased from® he opening position to
the closing position by neans of the above-nentioned
spring (93). [0112] The above-nenti oned comruni cati on
pipe (72) is fixed to the above-nentioned valve case
91) in the direction orthogonal to the direction of
The Sfﬁ‘vé ﬁ%sﬁt(g’brls Aihellg|mRIbe LRI a(hppying gondawe portion (91a) for
, ove-mentioned val ve case (91). The val ve el enent
slid taing thephguernentipnadial weelerheny (¥ formeomtlipoovid@iiwith
a) of the valve case (91) and slidably formed between
four prgs egyamenieating with thediowsing gomase potiong9ith)t h&hepeni ng
position. Besides, the valve elenment (92) has a
abovggneniionedivilee cleoicat (92Pedn hehdisglacep enthetdiing position (Fig.
above- nenti oned conmuni cati on pipe (72) at the opening
17(4)gsiitibnrfonnidsing alsesbol b enentofetlidnidiniofioRipis ¢ZRAndb the
the closing position. [0113] A first comrunication

‘openrig@sitdn)(Figo 1 7B posifios plok Bﬁeél\m'g e LHRANRMRAASH Biljbe ?%23;8&15

intermedi ate position of t expansi on chanbe

biasedrteb & BelcRRind RSiti
ias mt&&ﬁﬁﬁﬁg%ﬂiﬁ@ﬁ*t&ﬁfe'c%hr%’ﬂ@)@moﬁ??}‘ré%a?? Omech i s on

communi cating with the outflow por

abovbb&nﬁbh’édislﬂﬁgf(bﬂw side, are connected with the
above-menti oned ‘val ve case (91). The first
[011 ZIOIREUBb b hieBRonddl RfmIRatiof P@%ﬁ%{i& ?%g&‘”teo:] tgae %E%vgérp?lgi({nsd

above- nenti oned val ve case

[ . [ th d th [
valves a8 B e diddion iogbiTa «8lhe iBaEtH o 5o Bipn REe e
clemH WA Bl dhovE ol hed VTR a0 Do B A (gt o

e val ve ele
I 1RE: 6) i.s_connected Wt he above-nenti oned 40
engafflfiih @8 hobSinS PORIASS Ririth e Of e sl (o0 Syniestdebly
t.Ls,.at,the end on fhe closing osition side of
f"m%‘ﬁ%‘%’%w&e abeyremeniassy closmgpasitipn, énfbﬁ?@we%g posifigthe
.Jo ressure of refrigeration cycle) is given
Besidef i YAIEE Pttt Ghl Mschposagsion pele i sinbich amemts 002)
Accor di ngly, when the pressure on the fluid outflow
abovésirgatiqned SeMiomiTigation Rins (7 kAt Siecansaing position and closes the

communication pipe (72) at the closing position.

[0113] A first communication pipe (95) for communicating with the expansion process
intermediate position of the expansion chamber (62) and a second communication pipe
(96) for communicating with the outflow port (37). which is on the fluid outflow side,
are connected with the above-mentioned valve case (91).  The first communication
pipe (95) is connected with the above-mentioned valve case (91) at the end opposite to
the spring (93), that is, at the end on the opening position side of the valve element (92)
so that the pressure P1 is given from the expansion chamber (62) to the valve element

- (92). The second communication pipe (96) is connected with the above-mentioned




I n the expansion chanber (62) and larger differential
pressure than a predeterm ned value occurs between
the pressure P1 and P2, then the above-nenti oned
differential pressure valv® (76) is operated. [0114]
I n enbodi nent 3, when, for exanple, the pressure P2 of
the outflow port (37), which is the |ow pressure of
the refrigeration cycle, grows larger than the

valv?ﬁ@ségyf)eat Ble dnf ontthes éﬁ gr 9 bsg({bmﬁgﬁﬁg%{thé Bed o it

i f'ferenti al pressure Pl
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t her eh vere ansi.an. 0115] On.the
in th%f‘-wm%aﬁgmnb\ﬂzmq%é %fﬁ?f PISAtMEesae St s dtermined
erated under the |deal condi tion, no substanti al
valugbacugs beprpen the st B pad Be.dher be aBetwmentianed ditremtisl
port (373 and the expansi on chanber (62) of the
Pressé‘i‘@p‘éfﬂ%ﬁ’@ﬁ HeaEaRdsm (60), and thus the differential
essure valve (76) is in the closed state. As shown
[Ollflﬂn@lﬁaodmentél when, for exatyple, thermresgyretReofribmowtfowmenrt (37),
val ve (80), which is the backfl ow prevention
whichéstha mwm;essm@ﬁ éntrsirigamtion byélgegraws largaythanl thepregsute Binin
t he expansi on chanber (62) into the conmrunication
the eppameioh EPImMbA(62) atidribhisythe idiffarantiab pbduirebdtareereblth ereshae P1
dead vol une of the expansion chanber (62) and carry
and Rgroopdargtsd thin apieletaroiingd vilosehe digfeteneinlypredstiteciabrRqY6) is
[0116] <<Enbodi nent 4>> Enbodi nent 4 of the present
openedV eAtdodingly, parDl the efip@intQin the enfRndid@ishafkédadedfhrongh
the 41 expanS| on nmechani sm (60) according to the

the caBONRiJAEBE pipR¢T2)SRIBaRE 8BRhsidn chaaRRs i(d2)C aA's)éaresIuhethe

expansi on nechani sm (60) of the above-nentioned

pressEftiAdhdBRfandioh ShanftRR {429 ﬁsﬂseasthéﬂasy Qﬁﬁiidahﬁé bﬂ&eﬂiaﬁ&@ﬂ
type, whereas the expansi on nechani sm (60)

[0119 'm?ﬂie'@l@r hfind, SvHeR ild &@?&ﬂ%ﬁﬁl&msﬁl‘{m 1sodp%1'a%ﬁ {nRFthe

Here different polnts
ideal condition, no substantial differential pressure is produced between the outflow port

(37) and the expansion chamber (62) of the expansion mechanism (60), and thus the
differential pressure valve (76) is in the closed state. As shown in Fig. 16, also in

" embodiment 3, the non-return valve (80), which is the backflow prevention mechanism,
prevents the refrigerant from flowing from the expansion chamber (62) into the
communication pipe (72). Accordingly, it is possible to reduce the dead volume of the
expansion chamber (62) and carry out operation with a high power recovery efficiency.
[0116] <<Embodiment 4>>

Embodiment 4 of the present invention is a modification of the configuration of the




expansi on nechani sm (60) of enbodi nent 4 fromthe
above-nentioned enbodinent 1 wll be described.
[0117] As shown in Fig. 18, in enbodi nent 4, the bl ade
(66) is forned separately f#lom the piston (65). That
is to say, the piston (65) according to enbodi nent 4
is formed in the formof sinple annular ring or
cylinder. Besides, the blade groove (68) is forned in
t he cylinder 1) according to enbodi ment 4. [0118]
CXPER, Ona‘)é mﬁﬁ?@@dﬂlga@é hg gwyveimentioned eielbdimentiie
S Iag? %§ ove (68) of the cylinder (61) in a state of
pegifically, FeexprusipnaRerhasiven@n) ofthe albivadeerti®nyd erabbdiagad] is
ﬁg ring, not shown, and its tip (lower end in
confrgyyed 158516 |0§01B@Ime:mst@m t}mel Whereastthe expiansioniretkaian g60)toie
pi ston (65). As sequentially shown in Fig. 19 (wth
embpisndsa d ks ¢anfigured ew dret swing pismhanpes MHSBONifRAN: hekls ofaHEN
when the piston (65) noves in the cylinder 61), the

expaysmdendobe)ismuyBieatbbiingdnt ¥ fioM e ABotdIR MR AR Eent 1
(68) so that the tip of the blade (66) is kept in

will bedeszcibedvi t h t he piston (65). By pushing the tip of
the blade (66) onto the circunferential surface of

[0117has phioin KifS8, il GEbdARABRS, A KARTREY [is @cﬁ%)gd' sEparately from

partitioned into the high-pressure si

the pigvn H59SSTRR 1§ﬂo@§y, t]ﬁé)ﬂ‘l;l%}l é&é)sagﬁérﬁglﬁq‘?gﬂbg&gqﬁg %hs tl?mned in

i nfl ow port (36 a posi e ex

the f6R@0PEM (eﬁz@nuﬂﬁ" hhg gr ﬁd%PCtBegf&/eg )§ﬁ)eaﬂ 3}%}0 @%S H:et%rmed

connect ed by t ni cation

in thé @ﬂmﬂ@f gﬁqgh%r@h%{% éx%l?c)dllln%nitg ov%g:?e}/\ﬂotr 2 t \r,]vﬁen t he

electri pera
011 S RRBLOE HERORN h??'?g((?‘%?lﬁ Pgoeve R Rt Rsbor e
i on 42
oyl b B8 B B R e e D T Tadknoian Bissehy bo
sprmglﬁorps ?a\%tf %nggtis (H(o l\/bgg(ﬁm %E ﬁ;lg?s? pigﬂeq?&gg%&fu%r * _t he

on-re
r.event i is prqovided close to the

cire ?{5?105 Oégﬁ%ﬂétl‘?ﬂ 2%)( 625 seqtigntialiyoshoma in Figs P i(with tlag becktlow

he copmmuni cation pipe (72).
preveﬂﬁglapg %;n (80 omitted), even when the piston (65) moves in the cylinder

(61), the blade (66) moves vertically through the blade groove (68) so that the tip of the
blade (66) is kept in contact with the piston (65). By pushing the tip of the blade (66)
onto the circumferential surface of the piston (65), the expansion chamber (62) is
partitioned into the high-pressure side and the low-pressure side.

[0119] Also in embodiment 4, the inflow port (36) and a position of the expansion
chamber (62) during the suction/expansion process are connected by the communication
pipe (72), and the communication pipe (72) is provided with the electric-operated valve
(73).  Therefore, when the expansion mechanism (60) is expanded excessively, since a

part of the refrigerant on the inflow port (36) side can be introduced into the expansion




during normal operation wth the electric-operated
valve (73) in the state of total closing, it is
possible to prevent the refrigerant fromflow ng from
t he expansi on chanber (62) 4% nto the conmuni cation
pi pe (72) and thus reduce the dead vol une of the
expansi on chanber (62). Accordingly, it is possible

to i nprove the power recovery efficiency of the
[0121] <<Enbodi ment 5>>

expansi on mechani sm (60). : 00
ChafEﬁ@égé%ﬂﬁtabevweﬂWeémég@ﬁparﬁsm@m boalimgnaged.

nodi fication of the configuration of the expansion
(01203 Mogenvemalsoon cabedininhé, thonetetarboaber@0) iviivhds the

enbodi ment 1. Specifically, the expansi on nmechani sm
backflow) provention nzivbaresmypis pravided cbosb dal themaparkidnschamber (62) than

configured as the oscillating piston type, whereas the
to thexjzatrivi qrerated valné €13) (160} commuaithaeh ppBI7H. | Accordingly,

configured as the scroll type. Besides, whereas the
durifig norchatresdritiver with @fe etpedbpaitd Yalvs (73)ih AR by iotfRsing,

which is what is called the horizontal type, as shown

it is passbleto plevehbhhe r&%_@raﬁﬁﬁ&hﬁn@ﬁoﬁ@@?&e}%‘ﬁﬁbn ehiriiber (6%)

vertically |ong, ichis s cal the vertica

into fHERBmnARE@BE YigeN 72 )4 ai RS ljé@lfcefthéjh&d%ﬁﬁﬁ@(?f the ?I( sion
enbodinment 1 by 90 (by turning 1t 1 n counterc ok Se
, , g s - . Cnts . of |
canflic 021 ORAR, 1 1Ebtee Ry HEE e P 1RO Biply of
thee%%?%gmt g%h&ggqﬁqfnbodlnent 1 will be described. It is

upper™ and "lower" used in the follow ng
SGE LR referring to Fig. 20 respectively stand
[Olzgﬁr%ltlg%dé%emg%g “lower” in Fig. 20. [0122] As shown
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'specgﬂ{?ggy,l(ﬂ}% on the upper frame (131). [0123] The fixed

sipr meghanissa (P0)0f the gbeyesmentioned embedinent & ds
135), and a spiral-wall-1like fixed

side end plate
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embodiment 5 is configured as the scroll type. Besides, whereas the fluid machinery

- of embodiment 1 is horizontally long, which is what is called the horizontal type, as

shown in Fig. 2, the fluid machinery of embodiment 5 is vertically long, which is what
is called the vertical type, obtained by turning the fluid machinery of embodiment 1 by
90° (by turning it in counterclockwise direction by 90° in Fig. 2). Here different points
of the expansion mechanism (60) of embodiment 5 from the above-mentioned
embodiment 1 will be described. It is noted that “upper” and “lower” used in the
following description by referring to Fig. 20 respectively stand for “upper” and “lower”
in Fig. 20.

[0122] As shown in Fig. 20, the expansion mechanism (60) is equipped with an upper




side in Fig. 20) of the fixed side end plate (135). On

t he other hand, the novable scroll (134) is equipped
with a flat-plate-1like novable side end plate (137),
and a spiral-wall-like nov@ble side |ap (138)

provided vertically on the front face (upper side in
Fig. 20) of the novable side end plate (137). In the
expansi on mechanism (60), a plurality of fluid
& R %r Q pansj on _chanbers) (62a,62b) are forned by
amé h‘ﬁv‘d ?1 e qaping L) aibxednerqllidae) Hred théhd uppedframe ¢131),
gé h the novable side lap (138) of the novable
a m@’é‘ |spro 11(333) helbwiapp Qldizm’s rigp €133) iondhd yppet frems 1819,
sandwi_ched between the inner side of the fixed side
[012%th fize) scaelti(13Rpisequippedivith adTatphete-tiky fikddsisd eiel plae (135),
(138) constitutes a chanber A (62a) as a first

and espitarsvadlnlilcHaedeide 1Gn(136Epovhied veakdlly biithe FRRERe élower
sandwi ched between t'he outer side of the fixed si

side iraRig( ARG theniixddritdd endetlats (m%of On tieothGMRARA 80 fn%%aﬁlél Beroll

(138) constitutes a chanber (62b) as a second

(134pispgnipped withaneplate-[iRd 2dlaths siab Ui plakk: (EB@) ﬁl%p ! pper

scroll joining portion (118) is forned on
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spaces % (Eél ow t (36) oPens inthe vicinity of the

AR "r"“’E‘F ‘WFG oweﬁaﬂﬁ@ te dixed sidgdappdd6pand: the innef side of

ﬁ %W side lap (136). The outflow port (37)

the mB‘éé’é $ide fApdt3® qonatitiiies @ ghasmnbse B (62b) p$ asesondexfassion

Lhickness di recti on, and
chamber. .

[0124] As shown in Fig. 20, a scroll joining portion (118) is formed on the upper end of |
the shaft (45). In the scroll joining portion (118), a joining hole (119) is formed at a
position eccentralized from the center of rotation of the shaft (45). Inthe movable
scroll (134), a joining shaft (139) is protrusively provided on the back side (lower side
in Fig. 20) of the movable side end plate (137).  The joining shaft (139) is rotatably
supported by the joining hole (119) of the scroll joining portion (118). The scroll
joining portion (118) o.f the shaft (45) is rotatably supp.orted on the upper frame (131).

[0125] The inﬂow port (36) and the outflow port (37) are formed on the fixed scroll




the I ower end of the outflow port (37) opens in the
vicinity of the winding end side end portion of the
fixed side lap (136). [0126] Mbreover, the
- conmmuni cation pi pe (conmuni®ation piping) (72) which
di verges fromthe above-nentioned inflow port (36)
and communi cates with the above-nentioned expansion
chanber (62) is connected to the fixed scroll (60).
pecifically, the comunication pipe (72) is conprised
(3% dAherntlewarninidh) passssdhropihthe fixed)sidsiend ppsel (136pin thhe
. inflow port (36) and two conmmuni cation pipes (72a, 72b)
thickpeyedigestion,ant ke lomenend dfhermiflovcporhi(36) opdnis dmthgi Wenity of the
. (72). [0127] The two diverging communication pipes
innef ida o the)wipdiss stattrsplegind tpbetichi ofekk Bxadiesidesiap (1363t €T 35)
in the thickness direction. Anong these two
outfloenpart (30passes thicqugh the(fhad, st at plddEinGBETRKNER! diRBtioH, RAd
communi cating with the above-nenti oned chanber A
the 10@@Bgndosinbs duitflbw ot (ST)PRRS inthé AFAHY TR RIhdRigRGd sidehend

(72a), and the communication pipe Communicating wt

portioh &f aeowed RRIBUAP(18E). Chamber B (62b) constitutes a
chanber B comunication pipe (72b). On the front of

120405 B R0 oy L A B

fromit ovalolEnhed fonl otF@GPLAP-dARNAR) Wil shhe |

position proceedin roxi m
Malol . the fi iLde | : d
abovréted Slolliof D Reb U 3T pri 6 oohs Fxef Bt fhi o
b G he | j f fjxed, side |
ool bRl ISt SRR Qe D XEd S Lap L0
2 AR S B RS A BT bk o B s e °°
diverged BeRE FuBafSiath comanigarop e ORb. circul ation
trol chanismfor regulating the flowrate of the
(012 B¢ oaicinias comimpication pipro(Rzanab) prss dwoygthe feq sido

above-nmenti oned expansi on chanber (62). Moreover,

he
end Htlfﬁe {h¥) W e fhickness dirgctionx pAmeng ghese two communication pipes

(72a,72b), the communication pipe communicating with the above-mentioned chamber
A (62a) constitutes a chamber A communication pipe (72a), and the communication

~ pipe communicating with the above-mentioned chamber B (62b) constitutes a chamber
B communication pipe (72b). On the front of the fixed side end plate portion (135),
the chamber B communication pipe (72b) opens in the vicinity of the outer side of the
fixed side lap (136) at the position proceeding by approximately 360° from the winding
start end along the fixed side lap (136), and the chamber A communication pipe (72a)
opens in the vicinity of the inner side of the fixed side lap (136) at the position
proceeding by further approximately 180° from the foregoing position along the fixed

side lap (136).




chanmber (62) on the chanber A conmmunication pipe (72a)
and the chanber B comuni cation pipe (72b), spaces
with a dianmeter larger than that of each
conmuni cati on pipe (72a,72% are fornmed. Each space is
- provided with the non-return valve (80) as the
backfl ow preventi on mechani sm The non-return val ve
(80) is conprised of what is called a reed val ve which
i ows the refrigerant to flow fromthe communication
[0128 B@Sﬁeﬁz‘ahe ahe Vs RRiiched Mndh enTUEHBICREIN BiBE §2 Rayrowided with
prevents the refrigerant fromcirculating fromthe
the elsefigepestied valne €13) asthe, cehiptioncortirs] mechanism &atregatpigibe
(72). That is, both non-return valves (80) are
flowgatigfofl gherhdgh-pressype eofeigerantifom &ferinfiew pott (36)amtid owi ng
fromthe expansi on chanber (62a,62b) into the
aboveaneniioheh¢xipansipn pkanibe2 Y62)] OMBRoveE e thatvieinitpbf the expansion
expansi on mechani sn> Next, the operation of the
chanthep 523 onthenshahibei & Rofnfibnicatibh phe (FRE ahd BRGHaMber B
referring to Figs. 20 and 22. [0130] In Fig. 22, the
commonidatidngipS(Fab), ispades Wi aMindbinlasded flanthASfeag portion
of the fixed side lap (136) has contact with the
comm{#igitichife @Ral70B) HRVSRAR. SiEdeh bke {séﬁgw)ide F\?ﬂhttﬁ]ee
h e side lap

w ndi ng start side end portion of t nova
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side lap (136) is taken as r rence
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flows 1nto one space san
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chanber A (%)a) and the chanber B (62b) is terni nated.
communication pipe (72).

[0129] <Operation of expansion mechanism>

Next, the operation of the expansion mechanism (60) will be described by referring to
Figs. 20 and 22.

[0130] In Fig. 22, the condition such that the winding start side end portion of the fixed
side lap (136) has contact with the inner side of the mbvable side lap (138), and the
winding start side end portion of the movable side lap (138) has contact with the inner
side of the fixed side lap (136) is taken as reference 0°.

[0131] The high-pressure refrigerant introduced into the inflow port (36) flows into one
space sandwiched between the winding start vicinity of the fixed side lap (136) and the

- winding start vicinity of the movable side lap (138), and the movable scroll (134)




[0132] Then, the refrigerant expands inside the

chanber A (62a) and the chanber B (62b), and the

novabl e scroll accordingly rotates. The volune of the

chanber A (62a) and the ch®nber B (62b) becones

| arger as the novable scroll (134) noves. The chanber

B (62b) communicates with the inflow port (37) while

the angle of rotation of the novable scroll (134)

c(till}gnlges from840 to 900, and then the refrigerant in
accordiagly dptaiser Whepdbaanglesofreypluiion plehe movpliaserel (1343 7) .

On the other hand, the chanber A (62a) communi cates
becopasF6phe clased snecpsastlty ghichimeut off frem shaythember A 621 the

of the novable scroll (134) changes from 1020 to
chamgeg B (62hpandtba inftavepore (36).gertbattinflow pfithe highajressue refrigerant

(62a) is fed to the outflow port (37). [0133] In the
into ¢hepaambemA. (E2alh and therch@fipend (62b) eteabinxted descr i bed

configuration, when the expansion chanber (62a, 62b)
[013&X Pherd sheaxfripesiny ekpands meide iecdhainbeON R add Yrl hemb#3B

of the main communication pipe (72) shown in Fig. 20
(62b),sand P @dvitle scrpll BElRkdEA Y AeEics d CURE ol Bie QP BRI ABMbASA B52a)

result, the high-pressure refrigerant diverged from

and th haibdr B62BP bécotB fark & & W MBI 4bIE LTV (1337 hi098s. PITRR

(72) is introduced via the chanber A comruni cation

chanteP 8 (6ZBPdontilufcitBewsh ?r{Etlﬁﬂ?\? g()ﬁ%ﬁ")) \glgg%géwéﬁg t‘éﬁléﬁﬁfon of

tinme, the refrigerant I1s a Intro
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(62b) S ralse
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serof i) FivuBit o 19051 BgbOCpLPRE, Eiret e Bl dpiber A
2 E3 TR ESovBRRBECTR20) are each provided with the
013 RSk Sbiso i B e o
flo

Wi ng. into the comunication pipe i
the expansion chamber (62a,62b) expands excessively, the electric-operated valve (73)

of the main communication pipe (72) shown in Fig. 20 is opened to a predetermined
degree of opening.  As a result, the high-pressure refrigerant diverged from the inflow
port (36) to the main communication pipe (72) is introduced via the chamber A

communication pipe (72a) into the chamber A (62a), and at the same time, the

refrigerant is also introduced via the chamber B communication pipe (72b) into the

chamber B (62b). This raises the pressure of the fefrigerant expanded in both

expansion chambers (62a,62b), thereby eliminating overexpansion in the expansion
chamber (62).

[0134] On the one hand, when normal operation of the expansion mechanism (60) is




(72). Accordingly, the space fromthe
el ectric-operated valve (73) to the chanber A (62a)
of the communi cation pipe (72) and the space fromthe
el ectric-operated valve (7¥8) to the chanber B (62b)
of the communi cation pipe (72) are prevented from dead
vol ume of each expansi on chanber (62a, 62b). Thus, also
in enbodiment 5, it is also possible to restrain a
duction in the pressure inside the expansi on chanber
Cam& Ut ghe ﬂ@c’fﬂ@@a@rmé vakre (73rdking dntp thepdats bHlotal chsingpr The
the power recovery efficiency of the positive
chamgbey g} epemupRicatéoRipei6i2a) 41086 PharsterBoctinmenticion pipe (72b) are
Enbodi nent 6 of the present invention is a
eachrpydvitlied aithdhe nén-tehvem walvt (RN atThprefentshiBe re@@angiiMthe
nmechani sm (60) according to the above-nenti oned
charsbdy@df6@e)andithe cipeir Bi (62b) FomtTiRviBX RAG HeRBnARGIAR0LE Bipe
(60) of the above-nentioned enbodinent 1 is

(72)conke@tingly, af sphe Birh HealdAQbpaael VaRE ﬂg t@th%téﬁambem
type, whereas the expansion mschanl sm {6 )

(62a3 DO IcBRMufcation RRI(THWLE %@@at:@ﬁo%%ﬂ@lel@cth@%g&? ed, Véﬂve

oscillating piston type. Besides er eas

~(73) iR aRICASh Yer ol (ﬁﬂiﬁ oPﬁlg\éSmﬁﬁﬁda\f/\igﬁ ﬁIp%@@d%r%%tVfuﬁed flom dead

hori zontally | ohg, whic
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C ism the present enbodi nment fron1the
posxtﬁge@éﬂ ?’g‘?%’&néeénbodl ment 1 will be described. It is
the ternms "upper” and "l ower" used in 48
[013$ﬁ£%%{’1?%9& PR descri ption by referring to Fig. 23
E b%ﬁnp é % y stand for "upper” and "lower" in Fi
m °pha 8 @emﬁeﬁﬂa‘?&élﬂan ireedifisademetithe condieurasies of the
46a, 46b are fornmed on the upper end side of the

exp %ﬁf me%fzﬁsl}snbﬁﬁﬂ Aecosdingiocthe pbneanprtingied pmbadimensD) .

Fach of the |arge
‘Specifically, the expansion mechanism (60) of the above-mentioned embodiment 1 is

configured as the single-layer oscillating piston type, whereas the expansion mechanism
(60) of embodiment 6 is configured as the double-layer oscillating piston type.

Besides, whereas the fluid machinery of the above-mentioned embodiment 1 is
horizontally long, which is what is called the horizontal type, as shown in Fig. 2, the
fluid machinery of embodiment 6 is vertically long, which what is called the vertical
type, configured by turning the fluid machinery of embodiment 1 by 96" (by turning it
in the counterclockwise direction by 90° in Fig. 2). Here different points of the |
expansion mechanism (60) of the present embodiment from the above-mentioned

- embodiment 1 will be described. It is note that the terms “upper” and “lower” used in




di aneter eccentric portions (46a,46b) are forned so
that each dianmeter is larger than that of the main
spindle portion (48). Anong the two | arge di aneter
eccentric portions (46a,46%), which are di sposed
vertically, the lower portion constitutes the first
| arge dianeter eccentric portion (46a), and the upper
portion constitutes the second |arge dianeter
eccentric portion (46b). The first l[arge dianeter
the follewingrdescrisionibyrelensg todhgl 23raspesiéchnstabdifog Supfiesiratder
eccentric portion (46b) are eccentralized in the sane
“loveirT mckigo?d. . Qutsi de di aneter of the second |arge
di aneter eccentric portion (46b) is larger than the
[0136l ' viodargel dimmeter ecahtidyrfibnsyH64,d6)eare forned on tlRcagRE Eid
portion (46a). Besides, the second |arge dianeter
side of dersheft mm@fthmmp«ﬁ@@mrmpmldnamqswmeﬁ oPfhe large

eccentricity relative to the shaft center of the mai n

diansepéredtentiopdrtion (6S)eh)as férhRdlh [
eccent rlénwpporltl o(ﬁ (’26%@ [0137]5 %%@pﬁfﬁgﬁ%ﬁ%&rmm

that BEGB XMHiS Bih @O poton S 'A?n&@ the g\v@iaﬁj%m&ﬁeﬂ%ﬁé(&'éntm portions
OSC|IIat|ng piston type fluld h
(46aHEBRNFIOIN a1XRG: n%éEEdSJ&MI&,b@Q vgéi??gohﬁm%f %gg[%ggl‘r%ﬁrﬁ nl%}&@

sets of cyli (61la, 6 I ston
0
R R <4%” B B PR 15 ﬁﬁhﬁl@”ﬁ&ﬁd#g@ﬁd B o
h
dianefe bhoen@ittbolrio @80, AR A3 htas ihakhtx ds By if pertiop g4 and
fi t I d 61 di
the SR el teg eéée&gﬁ PR FU S{eskbytabred oar SHegdrection.
oy SRy BBt ek ORGP b o
of tg t cylLinder (61.a) is blocked by the
ousiff i isaigd eyl s oo i dbeads, B
¥ fi st c linder (6la) is blocked by the
secon e%ﬁl&{l@ pprtion)(46lyhas afasestamequnh efrscentrieity
| ower S|de end face of the second cylinder (61b) is
fela*’BF & 1he ghady comr of ithpy mpinsginglespgstien @8{ i the Gustilargeediameter
pper side end face of the second cylinder (61b) is

eccefﬂrl‘é@R@@nK%&)he rear head (64). The inside dianeter of

t he second cylinder (61b) is
[0137] The expansion mechanism (60) is what is called a double-layer oscillating piston

type fluid machinery. The expansion mechanism portion (60) is provided with two

sets of cylinder (61a,61b) and piston (65a,65b) in pairs. Besides, the expansion

- mechanism (60) is provided with a front head (63), an intermediate plate (101), and a
rear head (64).

[0138] In the above-mentioned expansion mechanism (60), the front head (63), a first
cylinder (61a), the intermediate plate (101), a second cylinder (61b), the rear head (64)
are stacked sequentially from bottom to top in Fig. 23. Under this condition, the lower -

side end face of the first cylinder (61a) is blocked by the front head (63), and the upper -




| arger than the inside dianeter of the first cylinder
(61a). Moreover, the vertical thickness of the second
cylinder (61b) is larger than the thickness of the
first cylinder (61a). [0139] The above-nentioned
shaft (45) passes through the stacked front head (63),
first cylinder (6la), internediate plate (101),
second cylinder (61b), and rear head (64). The first
| arge di.aneter eccentric ortlontg46a) of the shaft
side (eﬂ%? ace §f fhsdgsteylinderi(pta)ris lgﬁkedc@yl pitnserniediag plar(@0HheOn
second IarPe di anmeter eccentric portion (46b) of the
the afhgythand, 4y lower side end Ede ofithetseceaid eptintler Y61 debloietidyy. the
[0140] As shown in Figs. 24 and 25, a first piston
interpredigfe plster(l®l)j atelkhe nppereideiend face i thedecond Gliajler (61 ia
second piston (65b) is provided in the second cylinder
block®llty) the Ber heach@4).f | Tiatingitls diamern df eecSREVYUn@ir (6 1) is
(65a, 65b) are formed in the formof a circular ring or
larges Yanrttie insidéRigangdtérsifdiee HiseeRinder @fia) Niblebddr, Bl SEQRal
(65a) is equal to the outside dianeter of the second
thickpest cfmhd &obid cylider (%ib}ji@. lzﬂ'géi'rfﬁénetﬂqe aicitddes 61’ tﬁé fird IC?FII%I‘
(65a) is approximtely equal to the outside diane
(61apf the first large dianeter eccentric portlon (46a),
and the inside dianmeter of the second piston (65b) is

RS ol ST oy o0 5
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The s IRl GRES r&féﬁf oo R0 e BRR T ot edicer
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[014§16§%%boﬁ§3n (B h B BaEE R (R TR S tae Erprlinder
Fr%fﬁ% In_ the f| rst cylinder (6la), the first fluid
(ﬁla)e sscopg pigion (@AY prayidedga the sseondreyliadgr(6tbon Both the

hamber, is forned bet ween the i nner circunference of
first Rlﬁ@n ang the sga;;qqdmpn (@25 bxang fetmeed in the form of a circular ring or

cylinder. The outside diameter of the first piston (65a) is equal to the outside diameter
of the second piston (65b). The inside diameter of the first piston (65a) is
approximately equal to the outside diameter of the first large diameter eccentric portion
(462), and the inside diameter of the second piston (65b) is approximately equal to the
outside diameter of the second large diameter eccentric portion (46b). The first large
diameter eccentric portion (46a) passes through the first piston (65a), and the second
large diameter eccentric portion (46b) passes through the second piston (65b).

[0141] The outer circumference of the above-mentioned first piston (65a) has

sliding-contact with the inner circumference of the first cylinder (61a). One end face




outer circunference of the first piston (65a). [0142]
On the other hand, the outer circunference of the
above-nmenti oned second piston (65b) has
sliding-contact with the in¥er circunference of the
second cylinder (61b). One end face of the second
pi ston (65b) has sliding-contact wwth the rear head
(64), and the other end face of the second piston
¢ Qgp has Ii?éng;qontact with the internediate plate
of theye) pision (b33 hagdlisher-egntacs st the eyt hean €63 cangiitle pther ehd
chapber (62b), which is a part of the expansion
faceqidhroBrst Pistoni(6Fa)das bliding-eontadiaviththe inteinmediat plater(@@1)of In
the second cylinder (61b) and the outer circunference
the Grst eHindse@dal thyi frsofiuid 6bihber[(62:) 3Whithés apav of tive bipan
first and second pistons (65a,65b) are integrally
chapbayisdennedbetiednithe inaddrutGienétithe fies PRIV @) anfe
bl ades (66a, 66b) are fornmed in the form of a plate
outee xireunticragce of tho dirstaititad (68hy.ection of the pistons
(65a, 65b) and project outwards fromthe outer

[0142]] Oathé ethenkmdpthe ober Bir&inRRfent&52:he aBdve-fnlldikd T0end
above-nentioned cylinders (6la,61b) are provided wth

 pistch (68b) hedfsliBmsh@atac BilR IR Aher EBENRYSRES g@s.@c&ﬁ%ppgeﬁ

smal | pieces fornmed so that the Inner side Is a

(61H)] ange end D 8r AdEIond ] ?s@oﬂ;j 58) ﬁé.s{f?iﬂlr%[coﬂtag{ ﬁ/g.P gl%frﬁ%%‘%d

of bushes (67a,67b) are sposed so-as L f f
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.from the outer circumference of the pistons (65a,65b).

[0144] The above-mentioned cylinders (61a,61b) are provided with a pair of bushes
(672,67b).  The bushes (67a,67b) are small pieces formed so that the inner side is a
flat plane and the outer side is a circular plate. The pair of bushes (67a,67b) are
disposed so as to hold the blades (66a,66b) in between. The inner side of each of the
bushes (67a,67b) slides against the blades (66a,66b) and the outer side of each of the
bushes (672,67b) slides against the cylinder (61a,61b). The blades (66a,66b), which
are integral with the pistons (65a,65b), are supported by the cylinder (61a,61b) through -

the bushes (672,67b) and rotatably advance and retract freely against the cylinder




first blade (66a), and a first |ow pressure chanber
(103a).on the |l ow pressure side is |ocated on the
right side of the first blade (66a). A second fluid
chanmber (62b) in the second cylinder (61b) is
partitioned by the second bl ade (66b), which is
integral wiwth the second piston (65b). In Fig. 25, a
second hi gh-pressure chanber (102b) on the
high-pressure side is located on the |left side of the
(théﬂ%nd bl ade (66b), and a second | ow pressure chanber
4&103b) on the IOMﬁfressure side is located on the
[0145] frftrsichhud chymber £62a3 e dirsy| catindar €61) is patitieied by thérGumn
in Fig. 23, the inflow port (36) is connected with the
bladg Kefird.- wikigh isdntegral withghe glgst pistder(6%:61 aln Fiph2s,iarfirsow por t
~ (36) is fornmed in the front head (63) and constitutes
highepressnter chdmbei @ H2z0atnithe Hyb-reedurefsidene ldcafet! owtipolett (@) the
opens slightly on the |left side of the bush (67a) in
first Blage (@0k)omdtahfirst lowegresurecabafin®eLf108a)0dn thd &ow-pfesture side is
cylinder (61la). The inflow port (36) can conmmuni cate
locatet oh théwghtisidetof kedirsiH1845(668). Chasdend f16iHQRahbéL 62b) inSthe
on the high-pressure side of the first fluid chanber
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formed in the above-nenti oned second cyli nder

e SRR O0pETf 25, RESTR I LB ol
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outfl ow por ) can comrunicate w con
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OW- pressure’si 1 e 'sécond 11 ¢
secod U0 (Y Cned | nt ermediate plate (100). The
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cons il ah e RGSIRA o Deofuchidhs Sflrem dokonsma ushisomybe
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(61 a)t. h efh% ?gfcl)gvg p(k))ll't ?396% can communicate with the first high-pressure chamber
(102a) (that is, on the high-pressure side of the first fluid chamber (62a)). On the
other hand, the outflow port (37) is formed in the above-mentioned second cylinder
(61b). The outflow port (37) opens slightly on the right side of the bush (67b) in Fig.
24 on the inner circumference of the second cylinder (61b).  The outflow port (37) can
communicate with the second high-pressure chamber (103b) (that is, on the
low-pressure side of the second fluid chamber (62b)).

[0147] A communication path (70) is formed in the above-mentioned intermediate plate

(101). ' The communication path (70) is formed so as to pass through the intermediate




(66b). The conmmuni cation path (70) extends obliquely
in the thickness direction of the internediate plate
(101), not shown, and can communi cate with both a
first |ow pressure chanber52(103a) (that is, on the

| ow- pressure side of the first fluid chanber (62a))
and a second hi gh-pressure chanber (102b) (that is, on
the hi gh-pressure side of the second fluid chanber

( ). [0148] Moreover, the conmunication_pipe (72
platg El%ﬁ)nr%‘b&@ guifpaerpf thointerngdia s G %i}s?)ﬁrsw?@ﬁm)éla)
.. in Figs. 23 and 24. The _conmuni cation pipe (72)
Sldeonr\?éﬁng ot thecommunicatian pathy (7Ronens gwiheight sidariithic dastdade
with the first fluid chanber (62a), which is a part of
(66a)1eOn éhepnstont h ntbamediarhplatsHiDrinctie sengicgnder 6921 side,
fornmed inside the front head (63), extends fromthe
the asberend of the woeraneéon bathi(@0)casnnon (83191t sideaf thetsheond blade
shaft (45), and then bends upward so that the opening
(661 Thecameugitatidhepacto (M) axteads abhigpelpén hé Zickasedirédtien of
inside of the first cylinder (6l1a). The opening of the

the inRAMRIAE platO(10D), et hoRin, higd cdnaRainfithiGitawith bethapint Ng
of the above-nentioned conmunication path (70) in the

low-bieksifre cliarhie ¢E3a) GAdis, dnQhd Rlw-picBiuk@§illy of Gie & fluid chamber

above- nenti oned enbodi nent, the conmuni cation pipe

(62a§)7a%),1 a ScordRY-PRIsu biinkthe (I-’dz%? tthéﬁs,%%@h@ﬁaﬁf@dsuﬁ side of
73) t he

as the Tirculation control nechani sm an

iRl 0) as the backfl ow prevention
the sSBO8/RESERhrRE Y21 £O) p

mechani sm ctric-operated valve (73) is
OO LB TR o AR 1o
o g5 U B4 OS2 B
e 45 P nEIGE AR B BRBRRE M5 g o B
o e b 90 o R RO 0T e,
et B s B i S 35 9 8 g
bend‘él uggv;}d s%fthgt Igl?e gﬁ(e?l?nngsait %?e gnlgiaor%btl?cer éoniugw{u%czgt}qo% pipe (72) faces the
inside of the first cylinder (61a). The opening of the communication pipe (72) is
located near one opening of the above-mentioned communication path (70) in the first
cylinder (61a).
[0149] Similarly to the above-mentioned embodiment, the communication pipe (72) is
provided with the electric-operated valve (73) as the circulation control mechanism and
the non-return valve (80) as the backflow prevention mechanism. The
electric-operated valve (73) is configured to regulate the amount of refrigerant

introduced from the above-mentioned communication pipe (72) into the first fluid

chamber (62a) by adjusting the degree of opening of the electric-operated valve (73).




comuni-cation pipe (72). [0150] <Operation of the
expansi on nechani sn» Next, the operation of the
expansi on nechani sm (60) of enbodinent 6 will be
described. [0151] First, th® process in which the
hi gh-pressure refrigerant flows into the first
hi gh- pressure chanber (102a) of the first cylinder
(6la) will be described by referring to Fig. 25. In
Fig. 2%, depi ction of the communication pipe (72), the
On the gther hands Hhernonargtursy salye (80Y B)provided irribe pommusication pipe (72)
valve (80) is omtted. %0152] When the shaft (45)
closg fq st ciylindes (6120 and hiethe bentdad goftimn dfitle: eomghenicdtion pipe
rotation, the contact position of the first piston
(72)( 65hy namakctuumeval ver(80) is ybnfigieed foGitevant (hassiigetant fogfldavwisg
openi ng of the inflow port (36), so that the
fronhibg Hirsirfed chiznbee {62ay evlaich iskagins thoefpaaviof RambeNBto the
inflow port (36) into the first high-pressure chanber
com(nifiajion fipe72)as the angle of rotation of the shaft
(45) gradually grows |arger such as 90, 180, and 270,

[0150heOhe@toR bLHS ek parkRhha8iAgGh>f | ows into the first
hi gh- pressure chanber (102a). The high-pressure

Next, @fd'd ' ' | i
o S TS LM 0] R o

desctiBéption of the shaft (45) reaches 360. [0153] Next,
the process in which the refrigerant expands in the

T
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contallc?{)gs?trionsgtg the 1?st SIaa(i)s'tonl(%gi't) aaxllrcliqche2 leg;t cstzlyn%e;/ %lg)ngasses through the
opening of the inflow port (36), so that the high-pressure refrigerant begins to flow from
the inflow port (36) into the first high-pressure chamber (102a). Then, as the angle of
rotation of the shaft (45) gradually grows larger such as 90°, 180°, and 270°, the
high-pressure refrigerant flows into the first high-pressure chamber (102a). The
high-pressure refrigerant continues to flow into the first high-pressure chamber (102a)
until the angle of rotation of the shaft (45) reaches 360°.

[0153] Next, the process in which the refrigerant expands in the expansion mechanism
(60) will be described by referring to Fig. 25. When the shaft (45) slightly turns from

0° state for the angle of rotation, both the first low-pressure chamber (103a) and the

~second high-pressure chamber (102b) turn into the state of communication with the




of the first | ow pressure chanber (103a) gradually
reduces and the volunme of the second high-pressure
chanber (102b) gradually rises at the sane tine. As a
result, the volunme of the ¥xpansion chanber (62)
gradual ly increases. The volune of the expansion
chanber (62) continues to increase until imediately
before the angle of rotation of the shaft (45)
reaches 360. |In the course of the increase in the

compynigonpath (Y. anddhaatigeran degins tq Boy fromhthe fastlpyenressure
in the expansi on chanber (62) expands. The expansion

chargher (HEa) & the gegond thighoprassatst shambevd92bhe Thenfas thelmgle of
Thus, the refrigerant in the first |ow pressure

rotatitnegfishe shafiqds) ghdually growolagier stdh asO0f,i 1809 asd PAFstgerolume
(70) into the second high-pressure chanber (102b)

of thetirstdoexpessdicrohamp&(B83a) Eraiually kelupssandsise volumbiof thet he
refrigerant flows fromthe second | ow pressure

second highesre{shifzIhphmbér (1 0Zb)sesdhialy ¢iked fded sabelihe. Wi Ad a RRuIt, the
described by referring to Fig. 25. 1In the second

volulowf ticas@ritorCstamder (62} 9idhally Hereh k! | URE AhmPogHRS tO
conmuni cate with the inflow port (37) when the angle

expafi§iofi ShaBhbR 6D cohifucs Rnkreb duntl Smfhedibhidy b%ﬁre thd fngle of

refrigerant begins to flow fromthe secon
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of égflrefrigerant, whi ch i s expanded through the

Inthg yeeend |ogyyssass chamber (R thy mbdzerantbaging t ewomicate with

. hi gh-pressure chanber (102b), is increased, thereby
the inflow port (37) when the angle of rotation of the shaft (45) is 0°. That is, the

refrigerant begins to flow from the second low-pressure chamber (103b) into the
outflow port (37). Then, as the angle of rotation of the shaft (45) gradually grows
larger such as 90°, 180°, 270°, the low-pressure refrigerant after expansion flows from
the second low-pressure chamber (103b) until the angle of rotation reaches 360°.

[0155] In this expansion mechanism (60), when overexpansion occurs in the expansion
chamber (62), the electric-operated valve (73) in the comnmunication pipe (72) shown in
Fig. 24 is opened to a predetermined degree of opening.  As a result, the high-pressure

refrigerant diverged from the inflow port (36) into the communication pipe (72) is




el i mnating overexpansion in the expansion chanber
(62). [0156] On the other hand, when the expansion
mechani sm (60) is in nornmal operation, the

el ectric-operated valve (73)3is in the state of total
closing. Simlar to the above-nentioned enbodi nent,
the comuni cation pipe (72) is provided with the
non-return valve (80). Accordingly, the refrigerant is

. vent e fovmn fromt first. flujd ch

inroffSoris sk Bismimang caenon (pkof ot s ﬁé@imzhen
t he space %r omt he eI ectric-operated val ve in

the presgure &214{% HeTagh Whigheis expanded thrpeghythe ﬁfstﬂwpaessure
chanber (62a) fron1becon1ng dead vol une of the

chambep gHiSphendcthe asend highypressiteschambers(d 021, isrinerdesednthesby
it is possible to prevent a reduction-in the pressure

ehminﬁtm@@ver@mganm iorthe hgrension cBAnbat{62)t o dead vol une, and

i nprove the power recovery efficiency of the positive

[0156] Op tleosheiand yvidendke exa83 60 neskahivni (68) isintnoaiaiipication,
In connection wth the above-nenti oned enbodi nents,

the elcdowricpopesaed valve/@B) 1san thetatb of totalrfdsipgr eSimBarftolthicows.
[0158] In the above-nenti oned enbodi nents, description

abovBasenbiofdt ¢BlstRliGENt] the coMmeitidiRESh BIpe X3 FioRtied Riith thd0)
which is equipped with the expansion mechani sm (60),

non-fefen GANB{SHS| ABciTBRBAN IR TeRElant AevieRRd TRIN® FlobAl) from the

provided in the singlé casing (31) The present

first fAQAAMBE (62 RS tRPBIthRdnicR 1ﬁé‘ @TSSFHE gf&%ﬂts the space
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efficiency of the positive displacement expander.

[0157] <<Another embodiment>>

In connection with the above-mentioned embodiments, the present invention may be
configured as follows.

| [0158] In the above-mentioned embodiments, description has been made of the

| compression/expansion unit (30) which is equipped with the expansion mechanism (60),
the compression mechanism (50), and the motor (40) provided in the single casing (31).
The present invention may be applied to an expander formed separately from the
COMPIessor. |
[0159] In the above-mentioned embodiment 1, the non-return valve as shown in Fig. 12

is provided as the backflow prevention mechanism (80). However, for example,




non-return valve as shown in Fig. 27 may be enpl oyed
simlarly to enbodinent 6. Thus, the backfl ow
preventi on nechani sm (80) may be configured in any
manner according to the co¥figuration of the
expansi on nechani sm (60) and the communi cati on pipe
(72). [0160] In the above-nentioned enbodi nents, the
circulation control nechanisnms (73,75,76) and the

. backfl ow prevention nmechani sm (80) are separately

SImilagyp § %@men%\ﬁerm-aem salpeeqmpriRd of theared walve as shown in

. mechani sm (80) may al so be configured to serve as the

Fig. 2f may| bt ed s iths) bagklon preventic®poedhianicnd (89). sWoen, dor
configuration may be enployed that as shown in, for

examaplenthé eomippgicatxgy pipe(A2h & foomerlini thafrontrhepi perda7 Ryadi the
the vicinity of the expansion chanber (62), the

non-edtentval ve-as pleovert BdFig a2 Tay BOymployed sipniaest to bmbbdiagnos.
the non-return valve in enbodinent 1 with the

Thus ttediackitovo privediich riedheistiq(8d) msyB¥Borfibufddin afty dfinhéed.
In this configuration, it is possible to regurate t he

accofdimg ot the Eonflgatdtiod F ait exbhRior MEHARTRALBIY td @B cBinBRnication
(72) to the expansion chanber (62) by opening the

pipe€fBctric-operated val ve, which also serves as the
backfl ow prevention nmechanism (80), to a

[0160T RARS S0V Meshtidge &ﬁtﬁéﬁimeﬁ@,% Qir%ﬁgi%%ﬁtrﬁf O HARsHY

en the

over expansion. On the other han
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t he_dead volume. Besides, in this configuration,
showgjip Fig. 4 Ogmﬁ@- e [ dhperndiauratian. i isnessibls t uemtlate thesanduntiel
refrigerant from the communication pipe (72) to the expansion chamber (62) by opening
the electric-operated valve, which also serves as the backflow prevention mechanism
| (80), to a predetermined degree of opening, thereby eliminating overexpansion. On
the other hand, when the electric-operated valve as the backflow prevention mechanism
(80) is cut off, the refrigerant is stopped from supplying from the communication pipe
(72) to the expansion chamber (62) and normal operation is performed. Here, since the
refrigerant is prevented from flowing from the expansion chamber (62) to the

- communication pipe (72) when the electric-operated valve as the backflow prevention

mechanism (80) is closed, it is possible to effectively reduce the dead volume of the




the circulation control nechani smand the backfl ow

prevention nmechanism it is also possible to reduce

t he nunber of parts for the expansi on mechani sm (60).

| NDUSTRI AL APPLI CABI LI TY [ 0#61] As nenti oned above,

the present invention is useful in positive

di spl acenent expanders equi pped with the expansi on

mechani sm whi ch generates power when the

hi gh-pressure fluid expands, and fluid machineries
eXpARgIGn ﬁgwbw (6P t Heccend @lsg in 88s ervbedimest, Glinpassible te:

1. A positive displacenent expander conprising an
prevestghasiduetioreintthepavarirecoveyi efficiandyi dyie tp theskead eolihugi d i s

expanded in an expansion chamber to generate power, a
Besidesgmmuthiscaunitignrapian, isineh b singth coetgasntfoan serae td finctiorbdtows

si de of the expansion chanber and communi cates with a
the chieuiation textpd Rfdchdahih eekss baadidw prevéaitichiBecB¥HRASH Ahlso

chanber, and a circul ation control nechani sm di sposed
possible fohredeRhd! HinfBdrio? ParPfol tHeQhkph@goH AbdARisnA6h).OW rat e

of the fluid, wherein the expansi on nmechanismis

provi ded with a backfl ow prevention mnechanismfor

preventing the fluid fromflow ng fromthe expansion

chanber into thgp WY, G ig@AﬁgiﬂFyg. The positive

di spl acenent expander according to claim1, wherein
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circulation contro cnani sm
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di spl acenent expander according to claim3, wherein
the backfl ow prevention nmechanismis conprised of a
non-return valve. '5. The positive displ acenent

expander according to any one of clains 1 to 4,




wherein the circulation control nmechanismis conprised
of an electric-operated valve capable of adjusting
t he degree of opening. 59 6. The positive
di spl acenent expander accor#ding to any one of clains 1
to 4, wherein the circulation control nmechanismis
conprised of an el ectromagnetically opening/closing
val ve capabl e of opening and closing. 7. The positive
dj spl.acement expander according to any one of clains 1.
vwm¥§é%mK4W%rein the circulation control nmechanismis
conprised of a differential pressure regulating valve
1. whi ¢ RoBpesdisplhesment ¢¥pandertcomiprising9s gxpanisienweeshanism in
.ﬁressure of the fluid during an expansion process in
which heigkpassiofivid inetpandaiid apreapasion chambérao fgensrate power, a
outflow side is greater than a predeterm ned val ue.
comBunitdtngati whick diliesgel froanzfitiddxdewdrlk of deaixghmgorn chaaibyr
one of clains 1 to 7, wherein the expansion nmechani sm
and coRimMirBGt@UYited sSRXPAREDARIRTRERSSpa¥itich ofaRDExpansion chamber,
conpression type refrigeration cycle. 9. The positive

and dliifla86R GBitol BideRNah dRpsRUdh Mtk dotAicAd8 path ol AlgiBitide
to 7, wherein the expansion nechanismis configured

a flow@at6 3F ¥ fR&Y, an expansi on process of a vapor
conpression ‘type refrigeration cycle in which the high

Pr §MRdif t}%ieeg(g%?on REBGhisH is :E'E&f?aed%f?l?§ Y5, o@x&re%?l‘?i n

positive acenent expander according to alm9,
meCh\Mﬁgﬁl%pBItBO&ﬁng){R@ﬁlih%MSQ’?I’%&&JP e &g:%&i&ugheaﬁﬁef) into the
carry out an Expansion proce Of "a’ vapOr  conpressi on

o &nﬁﬁE%ﬁgerapion cycle using a CO2 refrigerant. 11

~The positive di spl acenent expander according to any
one of clains 1 to 10, 60 wherein the expansion
mechanismis configured to be a rotary expansion

2. TR R e oL on Pt 5 S Y

backflow prevention mechanism also serves as a circulation control mechanism.

3. The positive displacement expander according to claim 1, wherein the
backflow prevention mechanism is disposed closer to the expansion chamber than the

circulation control mechanism in the communication path.

4. The positive displacement expander according to claim 3, wherein the

backflow prevention mechanism is comprised of a non-return valve.

5. The positive displacement expander according to any one of claims 1 to 4,
‘wherein the circulation control mechanism is comprised of an electric-operated valve

_capable of adjusting the degree of opening. -




12. A fluid machinery equipped with a positive

di spl acenent expander, a notor, and a conpressor
driven by the positive displacenment expander and the
notor in order to conpress® he fluid, the positive
di spl acenent expander, the notor, and the conpressor
bei ng provided in a casing, wherein the positive

di spl acenment expander is configured by the positive

di sp| acenent expander according to any one of clainms 1
6. o 1he positive displacement expander according to any one of claims 1 to 4,

wherein the circulation control mechanism is comprised of an electromagnetically

opening/closing valve capable of opening and closing.

7. The positive displacement expander according to any one of claims 1 to 4,
wherein the circulation control mechanism is comprised of a differential pressure
‘regulating valve which opens when differential pressure between pressure of the fluid
during an expansion process in the expansion chamber and pressure on the fluid outflow

side is greater than a predetermined value.

8. The positive displacement expander according to any one of claims 1 to 7,
wherein the expansion mechanism carries out an expansion process of a vapor

compression type refrigeration cycle.

9. The positive displacement expander according to any one of claims 1 to 7,
wherein the expansion mechanism is configured to carry out an expansion process of a
- vapor compression type refrigeration cycle in which the high pressure becomes

super-critical pressure,
10. The positive displacement expander according to claim 9, wherein the
expansion mechanism is configured to carry out an expansion process of a vapor

compression type refrigeration cycle using a CO; refrigerant.

11. The positive displacement expander according to any one of claims 1 to 10,




60

wherein the expansion mechanism is configured to be a rotary expansion mechanism in

which rotation power is recovered by means of expansion of the fluid.

12. A fluid machinery equipped with a positive displacement expander, a motor,
and a compressor driven by the positive displacement expander and the motor in order
to compress the fluid, the positive displacement expander, the motor, and the
compressor being provided in a casing,

wherein the positive displécement expander is configured by the positive

displacement expander according to any one of claims 1 to 11,




