1 REFRI GERATI ON APPARATUS TECHNI CAL FI ELD [0001] The

present invention relates to a refrigerati on apparatus

whi ch includes an expander and which perforns a

refrigeration cycle. BACKGROUND ART [ 0002]

Refri gerati on apparatuses operable to performa

refrigerati on cREERBGERWAIIDN KRBPARATUS he

conventional technology. Such a type of refrigeration

apparatus has a variety of applications, for exanple,

inthe field of air conditioners. Patent Docunment |
TE(H@ﬁﬁ?hgﬁﬁﬁlﬁ) refrigeration apparatus of the type which

I ncludes an expander. In the refrigeration apparatus
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In the refrigeration a arat%s of Patent Docunent I,
expanfict o SYL BRI B FigE AR CXfiEer heat di ssi pation i 5

expanded in the expander for the recovery of power.
BACKG%OQHMRTecover ed in the expander is used to drive

the conpressor, with a view to achieving inprovenent
[0002] n t Héefogentivr apparateres pperible taperéoriGOR)TIgdradoBgy claparg well

typical refrigeration apparatus, refrigerant is
knowigirr the katvedtioml &echadloggerrh a tgpa afuefrigeomiongppadtus hag heariety

formof a closed circuit. This produces the necessity
of apphitatt@msfoaBtdnyple e &R fdd bheir dBEditibledyy Al Wocument I discloses a

refrigerant through the expander and the mass fl ow

refrigdrtiéh @iparal & JHHEEHBE i dN iQMA e D xpATIRE. € SRQhe Adfrikd8tion
same val ue. However, the refrigeration apparatus,

apparéolf%se@isélgsegm? 'PQ%%I?B%C'HIE%? %.qggéﬁ\éﬂﬁérqg L&ﬂ%cﬂeﬂ, t[ﬂ%lﬁlgh ahslinggllle shaft,

erating con I on thne varration In

ressure [of, the.refrigeratian I nd. the variati
to & cfERAE I s SRl Rp RS D Py EP B ot E R pR e
. _consequence, the densit f refrigerapt that flo
refrig QAL ChRCA! SisFHpP LIS FRBATHOR HL B SHRAESE O A IoPoNRay 91 Pqyer.  The
i ke Patent Docunent |, the expander is coupled to, . .
POWERTREOVEHIR dREGPARIET 5 WioA 9 drish e COMPRSSAToVED RaHEVE fedieving
_ of the expander and the rotation speed of the
improgengrtas dercogBesmant pyridsmensre((df)al . Therefore, if both
the expander and the conpressor are inplenented by
[0003posi tinwedyplicslpthipemtionh apbaratds,rativersas is ditvuktadas alreBigerant
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circuit configured in the form of a closed circuit.  This produces the necessity of constantly
keeping the mass flow rate of refrigerant through the expander and the mass flow rate of
refrigerant through the compressor at the same value. However, the refrigeration apparatus,
when in operation, undergoes variations in the operating condition (e.g., the variation in the
high pressure of the refrigeration cycle and the variation in the low pressure of the
refrigeration cycle). In consequence, the density of refrigerant that flows into the
compressor and the compressor will vary. If, like Patent Document I, the expander is
coupled to the compressor by a single shaft, the rotation speed of the expander and the
rotation speed of the compressor constantly become equal. Therefore, if both the expander

and the compressor are implemented by positive displacement fluid machines, this results in



occurrence of an inbal ance between the nmass flow rate
of refrigerant through the expander and the mass fl ow
rate of refrigerant through the conpressor. This night
make it inpossible for theprefrigeration apparatus to
continuously performa stable refrigerant cycle.

occurte Q04 an@bhlAgcObdiwEenn@B ehass flodvhste b€ faftiganat tharugh the expander
appar at us of Patent Docunent |, a bypass passageway

and tht: $neRE AYHvIER o'f ?efﬂ@&ﬁﬁﬂ tBtouph e doihresspRNdBYis MMtht fhakk @mpossible
rate control valve is arranged al ong the bypass

for th@r%ﬁ?s%gzﬁié%%/aﬁp (% E&ltﬁrﬁﬁﬁslig 5 Ga0k &G Efag?@ﬁ:Fg.

ecorres excessl
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passag5aG dBRRYe] PHERH "BHCIRERH 18 o0y PG BaA vlve is amanged
DI SCLOSURE OF THE | NVENTI ON PROBLMES THAT THE

along (HVERASOSIRRENDS Wiste st fovaptelof refsigergatipaspabdethrough the
above, the refrigerant circuit is provided with a

expanbgrﬂﬁs&neqoa&sag@\imnadhrewwbyqoﬁsms tflow ratepefimelsigefant through the
introducing of refrigerant into the expander as well

compr@ssot, ke RypasstamadgRRyy tHrbugh enatHeesptdder and the bypass
refrigeration apparatus to operate stably even when

passadei@ymass flow rate of refrigerant passable through the
expander becones small relative to the mass flow rate

PatentThodifilcht B3pab1 L gYaN the compressor. However, the
prob en1 wWwth this arrangenent is that, if the

IHSCL%ﬁﬁﬁ E‘%ﬁnﬁ?ﬁﬁqﬁ low into the bypass passageway
cn

above e anount of refrigerant that
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i nto the bypass assageway. Cansequent|, q% nount
100051 p e AU GoR A RBIce IR RBRIEEHE § By B BRI Lk hEVPasS
expander is reduced. This mght result in an increase
passagepvay yehighhbnasses theetxpander forgbeaviroducipg ok gbpeqrart inorthpexpander
the outside for driving the conpressor. [0006] Wth
as well hethatbypasspasiabensy, this eriablts thdrefifgesatontappaatsito operaigstably
made. Accordingly, an object of the present invention
even wigentthe pragyilehe raxd of radrigared paedableghroabh die exppidr dtesnes small
capabl e of stable operation in a variety of operating

relative @6 eiet h &R T ak Lo fSERTYERNS tHIGugh the compressor.  However, the problem

with this arrangement is that, if the refrigerant is made to flow into the bypass passageway as
described above, the amount of refrigerant that flows through the expander is reduced by an
amount corresponding to the amount of refrigerant that flows into the bypass passageway.
Consequently, the amount of power recoverable from the refrigerant in the expander is
reduced. This might result in an increase in the amount of electric power to be supplied
from the outside for driving the compressor.

[0006] With the above problems in mind, the present invention was made.
Accordingly, an object of the present invention is to provide an improved refrigeration

apparatus capable of stable operation in a variety of operating conditions while suppressing



the reduction in the anmount of power recoverable from

the refrigerant in the expander to the m ninmum MEANS

FOR SOLVI NG THE PROBLEMS [0007] The present invention

provides, as a first aspect3 a refrigeration apparatus

conprising a refrigerant circuit (20), along which a

the reduotipi #5the amobi¥)af pavweeaicodirsise fatrothe refnigemrpiaribe exagdr, to the
and an evaporator are connected, for performng a

minimugf ri geration cycle by <circulating a refrigerant in

the refrigerant circuit (20). The refrigeration

MEARBRORSGLAING 81 pkﬁ%Lﬁﬁﬁect of the present

|Eventhoahconpr|ses an injection passagemay (26)
[0007:{ r Oul%g ;{r%slgxq nBenrttg)% %\ggesogsf 1 ﬁ?st %ﬁie&'h IErggl!;n? %&gatlus

t he frl rant S |ntrod e
com PR OO SO 9("@6# ‘%‘ﬁé BERPRREEY @@b e ‘ﬁt%%a“’f an
process of ex ansi on and b% a fl rate ntrol Lye
expanréezfsiﬂ)s ad %@\@matatq*i@rq SRANEIE ,.f@@eeatoﬂmt efRgcaaton Qs by
i njection passageway (26). [0008] The present
circuldtimgarrefrigerast ovihd ecfrigerenteiat d). adpe ceftigesben ppijratys of the first
the first aspect, a refrigeration apparatus which
aspect@f i préssit mveniio ainipeisesans i &@onfpassagelvays€i6n throwgh which a
position of the flowrate control valve (27) so that

portioh BEthe @efrifpb GnENbwe tPRAAde IR endek (60)grdnetheilger ditdigmor in the
cycle inthe refrigerant circuit (20) reaches a

frigetRnt IR YRY) {einf¥@hde@ BB ahRxBarkibn BRibON@ERES 1RE expander (60) in
rengcongltlogﬁ%f ?%e rgfrlggra??%% gpparagﬂg P1[0009]pThe (60);

thepﬂﬁ%&ﬁﬁ%&ghﬂ%ﬁﬂécpn provides, as a third aspect

gto t e second aspect a refrigeration

(b)a f@%ﬁar al quauY\hg(r% @) il,‘here%%gﬁrggm ?efrlgg f’ﬂchlg ?Qte 'irf'the 1r|ye%}10n

valueagndlcatlve of an operating condition of the

passage@fyiig¥rati on apparatus, a high pressure of the
refrigeration cycle which naX|ntz§s t he coeff|C|E g of
[0008]yer f ewnbpvetins THeYifesy 8t apsoRd asrerkacserding iorhy Grst aspect, a

target value and adjust the position of the flow rate .
refrigegativtny aplparatus| whiclf eanprisss aisantrelins mepans (W (o1 aginsing deupasition of
of the refrigeration cycle becones the control target

the flowatateeconfoD e @7 spthas drtcokfficamt bOper foromhcked, thagsfrgeration
fourth aspect according to the second aspect, 4

cycle in the refrigerant circuit (20) reaches a maximum value available in a current operating

condition of the refrigeration apparatus.

(0009} The present invention provides, as a third aspect according to the second aspect,

a refrigeration apparatus wherein the controller means (90) is configured to derive, based on

an actually measured value indicative of an operating condition of the refrigeration apparatus,

a high pressure of the refrigeration cycle which maximizes the coefficient of performance of

the refrigeration cycle as a control target value and adjust the position of the flow rate control

valve (27) so that the derived high pressure of the refrigeration cycle becomes the control

target value.

[0010] The present invention provides, as a fourth aspect according to the second aspect,



a refrigeration apparatus wherein the controller neans
(90) is configured to derive, based on a variation in
the coefficient of performance of the refrigeration
cycl e occurring when the high pressure of the
refrigeration cycle is increased or decreased, a high

a refrigaratgmiappatustwierein fer dogeohdri roeans YHl)as vdrifiguraderideiive dased on a
the coefficient of performance of the refrigeration

variati6ly & ®e casfidieBOs Jetorh @icg @F theak fifzetatidnagilestcirtiag when the high
position of the flowrate control valve (27) so that

pressul;ehﬁ thcg?erfﬁ% &otidH (Qflale% GRPasE & deR@sddeh hidgiradsuRIbaNs| e
becones the cont’rol target val ue. [0011 he present

reﬁ‘lge'rfftlo%%&El?QN}ﬂEl?Magﬁ‘gz?sEtﬁ? %E Qﬁ&tméftﬁtg 8 ﬂte'}gﬁ%@ra"ﬁeﬂ cycle

Cts rlger t1on

r at wher eran [
es & ool s V%tu‘e,%i%@usai%%%@ (hfs*? Yot BNl o tat tre
. ﬁstrean1and downstream si des of the ex anderai60)
derived Righprespprecd thessfiigsratipy) C\yéle(foz%mtsothe F%‘@'{Fﬁétfgﬁ‘g"
refrigerant flow rate in the pass passageway (28);
[0011]and (fgl)“u présentdayRntion [Pervidasaxts? @@f\;)ﬂsn%t CEAIILIOAHY 0BE of the
performa primary control operation and an auxiliary
seconcctorfonich asppets at fefigdraticnhappératuserhendinvia) tie refhigepobeitquir(20)
of the flowrate control valve (27) is adjusted with
includéebimapasssaeniay (28)\fat scenéA )y upelrehm and Bewhstilehiy sides of the
closed state and in the latter of which the position

expan&fr (N)eang)éﬂﬁé%s%@ﬂ&éﬁhl%&(bgﬁfo? 1okl teSii@gant\WokWratdi@ the

low'rate control valve (27) held |n the fully opened

bypas%a@gaggwg @282 he,d d(lb?t’}{e [ Bh€olk@ M daRl g90\j§4 Sifiedred 6 BEI%I% a primary

ened State duri ng th prl mary contr ol

contropg ﬁion and ff%y %on? Qﬂ)e@&mnﬁﬁ tﬁ’e( LY ?ﬁgglﬁzﬁ ‘tﬂe eposmon of the

cont rol

the fu sed, state t he |I|ar t.r

flow rgi 8?13f918ﬁ1"e?%'8f§?d1t‘ﬁ8 sfetggfé%?ygﬂaﬁ%ﬁ abisf iAo G Qe iy
si xth aspect according to the fifth aspect,

closed;stats argeindhs begfpuhiah the rReIoBiof therky PsoP) ‘&IV%Q%&? adjusted
(90) is configured to derive, based on an_ actual

with theeflosy rasel conital salive @2 Daeldvia s fulliy oppesdaitate gvhen Hin oW ﬁat@)fsontrol
the refrigeration apparatus, a high pressure of the

valve &) entgerthd fubly opyoddestath idehingrtieiprinzey coftec]l operfafipe,itherebnf
performance of the refrigeration cycle as a contro

resumingltigeprimatyuRnadoeestionrvhenake biyasacotittol aalye €2M)tenteks the fully
operation, an operation in which the position of the

closed RYREESEOME hEkiliMS 6RtrbPderdt®nadj ust ed so that the
derived " high préssure of the refrigeration cycle

[0012Pecongs Jtr@s%nf:l‘ﬂ%r{tf?)h ptr@\ﬁ@&t a¥RLiler ash8QL3dording f}féslﬁ’fﬂ' aspect a
i nvention provid sevent h aspect according t
refrige‘i‘:ﬂﬁ)nfetp{agrlatu%% flin {1 controller means (90) is configured to derive, based on an
actually measured value indicative of an operating condition of the refrigeration apparatus, a
high pressure of the refrigeration cycle which maximizes the coefficient of performance of the
refrigeration cycle as a contro] target value and perform, as the auxiliary control operation, an
operation in which the position of the bypass control valve (29) is adjusted so that the derived

high pressure of the refrigeration cycle becomes the control target value.

[0013] The present invention provides, as a seventh aspect according to the fifth aspect,




a refrigeration apparatus wherein the controller neans
(90) is configured to derive, based on a variation in
the coefficient of performance of the refrigeration
cycl e occurring when the high pressure of the
refrigeration cycle is increased or decreased, a_high
a refri g@f{ﬁﬁ)ﬁlébgarﬁfus tWhRrein Berdogesladr inomane () és edmifighredv deriivee $ased on a
the coetfficient of performance of the refrigeration _
variatiGY ! tBe cASri@e &V ipe@brrh Ao 8F théabfiigefidn Rec1E otdurriag whiwethe high
auxilrary control operation, an operation in which
Ok dp1h af Qs Bl Q1eERALLIOk hithlp¢EsshrR OF thes
pressu}aegi%alget %gq%egﬁﬁ%zﬁy tCit‘l’ﬁsemt(zf er |S veof ﬁi gh pr es}sgﬁrp\é of the
. refrigeratiqn cycl.e beco : Lol 3L Ue ]
reriec iR ATt R BRSO R T P Pagt BB koL HRon oycle
aspect accordipg to any one .of the I rst.to_seve . .
a5 2 copgpgteet Vainy §1d KoL s Pe ARHP OBk ateR iy HESEEAIdA in which
refrigerant circuit (20) is charged with é%rbgg. £
the posiiioxditbe Aowaraieetonirgleyakvst (2Zhig adhsted;sgihas thadsiivad gighypggssure o
refrigeration cycle perforned in the refrigerant
the refrigeration cycROhecomes dte cogirel tatggt vHuabove the criti cal
pressure of carbon dioxide. WORKING OF THE | NVENTI ON
[0014][ 0015he pfesthicinténtivh paspdst asafn dipleh psmestarcoidivgtetanyone of the
the refrigeration cycle is performed in the o
first tols€4dri0 8RB, &fe!fﬁg’drﬁtidn%})arahﬂ whigeih eiie leQedeadit cieuit(20) is
(20), the refrigerant discharged out of the

chargeg %{H{ &t dlggg): aflh S§HiPALAS:NASRY hioh prdiSurb @@ thedtfifpcpalonteycle

s reduced in preSsure in the expander (60).
Subseguent | I [ ; carbon
pertoriiy i8¢ 80 is5ieat BfeolTa0] 9 Ahkal G oE BN ARUPpRER Sof
. _..conpressor (50) where it is conpressed. The high
dioxidg essure refrigerant after heat dissipation in the
heat dissipator is expanded in the expander (60) and
WOREENE OF THEINYENEOR, om t he hi gh pressure
refrigerant. The power recovered fromthe refrigeran% i
[0015F n  tlhéhecfushargest of ) Presentipaanticn, dhe rgl1ZeHLIOR SHEF srgformed 1
(50). If there is created an inbal ance between the
the refeigerant ciafuitr(@0). i ge therrefrigesant tirous(20nhthenshiganent sigshrrged out of
(60) and the amount of refrigerant that flows through
the cofnPeeseR PO SOpatésIRY inttheheae fiissipetoannd isgedused upressyre in the
into the expansion chanber (66) of the expander (60) _
expan@r§60) I Subidd@ehth), BRlirkRizeRas Bagawdito 24)oratd hethe evaporator and is
refri'gerant thus introduced into the expansi on chanber
then d%a@@ in&c{e @@&B@?rc{s%ﬁ%)‘ WherPASS 88RMRYsed( 20he highrpandes igerant

oget e refrigerant introduced into the
after h%é(tpcﬁgs‘?’;i)a?i%n%rf ﬁx@qq%ﬁt éigs%at&f is gxpanded in the expander (60) and power is
recovered from the high pressure refrigerant. The power recovered from the refrigerant in
the expander (60) is used to drive the compressor (50). If there is created an imbalance
between the amount of refrigerant that flows through the expander (60) and the amount of
refrigerant that flows through the compressor (50), the refrigerant is introduced into the
expansion chamber (66) of the expander (60) also from the injection passageway (26). The
refrigerant thus introduced into the expansion chamber (66) from the inj ection passageway

(26) is expanded together with the refrigerant introduced into the expansion chamber (66) of



the expander (60) fromthe inflow port. In addition,
the refrigerant flow rate through the injection
passageway (26) can be changed by shifting the
position of the flowrate céntrol valve (27). [0016]
In the second aspect of the present invention, the
the expdér (60) fomnkainslo@Ofxt. f dn addionnrtbe kdfrigeritglqyowite thooughfthe
the flow rate control valve (27) is provided in the
injectibrepdsk AR g 82’6) caA BB ahaipds b tRikting the pbsitio@ bf thg €loantate control
circuit ( of the second aspect of the present
vaeqzayentlon !f the amount of refrigerant that is
ntroduced into the expander (60) fromthe injection
pass wa 26
[0016]t he ﬁgg'h %C(Sens e)spéc%of th%ﬁ)ggs?rétf15@4:1@}0%1?#1‘1%%811&51%{1’ n@ég?@g )zt/‘er
cnel RIS SN R 2 R RSB
Therefore the controller ns (90) of th second
apparaisdd@)  dr therefrigsrans eineuit mﬂ? thg seconf asrest pibe pEsFytipyention, if
of the flow rate control valve (27) so that the
the amoutfdfirefrigatant Gt i dntastunehiote G ckpandeeta®) Germdthe ricdips) e
in the refrigerant circuit (20) reaches a nmaxi num
passageahy @@ vatHaaptd thincauses) forextmppes thethigly pressudé of tha reffigeration
the refrigeration apparatus (10). [0017] In the third

cycle t8SRAS in @hsédvendy &SEliith the\cesffictuns of pefarmahdcodflthee rafigerstion
(90) sets a control target value for the high

cycle \Plfllexséy hEwefl. t ’hﬁ‘eréi%f“er 'tlgzeJoﬁ'ErbH& ¥ §90)! IF thdWeSomPispe&idf the

contr ol means (90) derives, based on an
O T T

of perfpfphe SE R R Rica b e B BERRERhinbEeR) feﬂﬁ*e‘é'&mmum
refrigeration cycle in the o atin condltl d
value §RRARIET § EHTUP %f%%%&%‘é“ & R eyl apperdi
The control |l er neans t hen adj ustsvhhe posuéb
[0017lof ¢ e e i Aace Gl Pipers A1GERpR Zhe Semialt e GBY g 2
hi gh pressure of the refrigeration cycle becones_ the
controkigrget whlue fordghe highipessue ©f g refrigerationfcyelet hlradbpesettings the
the present invention, the controller nmeans (90) sets
controHer raeanis (90) deauvgﬁbawdlamemfao‘ruaﬂh enchisghd pales suli@tiye of freoperating

refrigeration cycle. In this setting, in order to set

conditRUGT tike R et @lontappgatusyalales of the highdreshitesst themfisgdrt)cycle
first performs an operation of experinentally

which Md&iBB84 118 cOETRRA SRS TEMbAR JTitBdIrddi @8 St yefe ihhlRe operating
refrigeration cycle.” As the high pressure of the

conditlofi’d ?H%(@r veld vﬁl\ﬁg lb@c;irﬁes\&ﬂé E&frol tdEetGARK! | §h€BEntRiller means (90)
pertormance of

then adjusts the position of the flow rate control valve (27) so that the actual high pressure of

the refrigeration cycle becomes the control target value.

[0018] In the fourth aspect of the present invention, the controller means (90) sets a

control target value for the high pressure of the refrigeration cycle. In this setting, in order to

set such a control target value, the controller means (90) first performs an operation of

experimentally increasing or decreasing the high pressure of the refrigeration cycle. As the

high pressure of the refrigeration cycle is varied, the coefficient of performance of the



refrigeration cycle varies as well. Based on that

variation in the coefficient of performance, the

controller nmeans (90) derives a value of the high

pressure of the refrigerati@n cycle which provides a

maxi mum coefficient of performance and the derived
refrigeratianecyskryaeies aswtlhe Bawet oalthat tvarigiéin inahaieneffldient of performance,

controller nmeans (90) then adjusts the position of the

the cohtr&lWér hddaBs ?Héﬁ"lfes awalueeo e/ Nigh rdshiadt of i ragigeattioRicgle which
pressure o he refrigeration cycle becones the

provic%ﬁg%&hmﬁﬁrcggfﬁcieﬁﬁbf;%rf({rﬁg&% andMhd 8&ivelifhihea8Re6hs @F control

present 1 nventi ypass passageway (28) and
{ b trol 2 J
e B, RSB ot B 808 ARLERRT RGP

valve (R 25 of Bcac et Beh st g PR gBes10PR Syl Deagpes the contol targe
di ssi pator enters the bypass passageway (28) while the
value.ot her refrigerant is delivered to the ~expander (60).
In addition, a portion of the refrigerant that is
[0019}el i Viertkalfifth aspeet efithaprteent (1IB@Ntion,shé bitnastpaseazetiay €28)apd the
to the inflow port of the expander (60) and the other
bypass edntiofealaa(29)sre arringed nloag thet tafripeepnt thenii 20®ctlinaghe opened state
passageway (26), into the expansi on chanber (66) of
of the &Eﬁass e¥madldalue ((5?2 a ﬁ@‘liohhﬁ} tied dftigchaim ditet Heat diedipati@riante heat
I ch has entered the bypass passageway (28) is

dissipSiBAUREH thabRASSRUIRLHbY 52)"@ IR (RASHAGR QU AHHIdIered to the

ypass control ‘valve ( joins the refrigerant

0, T3PS T PIS FNF s (e g o
. . i i 90).. .

s e BRI s UM GAFRhn
nooa3E5E B O At SR 58PS SBSAH BT g

adjusts the position of the flowrate control valve
expander{p0). i Qthe ehas iprd; shecrsigesant wiighehas 2otieraihe hypass passageway
entered the fully closed state, thereby regulating
(28) ig tedugedfin prresuadufih®iis passageithrouple therljypass @ﬁtrpla@é‘eﬂg@&byoms the
(26). When the flow rate control valve (27) enters
refrigdrime Whith Wasqpesseldhsigh éhecwpamtpr (609, grdiisdelyvecahtortbé evaporator.
operation, i.e., when entering a state in which the

[0020] ef r i mehidAtpdct OMhE pEentinddition,the Edrt@illepAgS@IOMRYyerfcttif two
cannot be increased any nore, the controller neans

operafiifR) 1. & OMEBARRSy EMroRBpdrhtiH dhdAROhliary BRI Sl dpeiktiohN € The
control lef means (90) in the auxiliary contro

o SO RS i Sy B LB
controil r\]ialtvg ?ZJ)Hxlvgtﬁ t}(l)égbeyrf)%sds c80ntrol valve (29) having entered the fully closed state,
thereby regulating the refrigerant flow rate in the injection passageway (26). When the flow
rate control valve (27) enters the fully opened state during the primary control operation, i.e.,
when entering a state in which the refrigerant flow rate in the injection passageway (26)

cannot be increased any more, the controller means (90) commences the auxiliary control

operation. The controller means (90) in the auxiliary control operation adjusts the position

of the bypass control valve (29) with the flow rate control valve (27) being in the fully opened




state, thereby regulating the refrigerant flowrate in
the bypass passageway (28). Wien the bypass contro
valve (29) enters the fully closed state during the
auxiliary control operationg 1i.e., when entering a
state in which the distribution of refrigerant in the

state, tRPIRS e pIRERABRWRN pefadBllowTatBOn tHRMYPhassRGAEEway (28)e When the
controller nmeans (90) commences the primary contro

bypassRGIrEH VP (29LQ931:§]thé ful VM:os@dl %hid BRE Fhe AfkilldIe cHItRADPbration,

i nventi on, e control means (90) in the "auxiliary

i.e. wlhe%r}:ﬁ[eg n g“gsg%tg o\gﬂltcﬁ ?ﬁesdl rlggg(?rg & reﬁ@ega?% fnvt"ﬁls lﬁﬁpisﬁ ?pa§sQ§eway
settin the.c ntroIIer deri based

(28) 1535 AEL sl B IGEE DRSREHFES HF T SPupy) pgeration.
condition of the refrigeration apparatus, a valu

[0021)t he Hn g1 shrte asnerieof the PRGNt HSrERTIRH: thi FasHo wsarmg%m the

__maxim zes the coefficient of Ferfornance in that

auxiliagy eerdol aperatéenstits 4 emtroh tadgat valug dori the bisharersuiget Whasrefrigeration
the control target value. And, the controller neans

cycle. ( 90}his settinpe theewoontrb Aerymeama (90) |denipes; based onadjaosaBy trieesured value
position of the bypass control valve (29), with the

indicativeQ)¥ anaiperaéiaptomlitivabMie tedviperafiond fygatatLatvale of the high pressure
passageway (26) held in the fully opened state, and

of the Pe@@ge@&ﬁ&ﬁ! i G R IR A6 BE cbdrciesf ¢f 6&%%&1% 16 Yk Bperating
becones the control target val ue. 022] In the

conditRRY S tPF ﬁg‘t@vee%tvaﬂre (sgg@:s RS ﬁé%ﬂﬂtrélr{%ﬁ%@{ Tk, t/-t}ﬁi the controller

cohtro neans auxili ary cont rol
t t t
meansE?@ggEl?e au, 1ealr§| 8&}029? Epfrér% on ?a&é nsqs the ao%‘%op%lfflﬁshbgpmes%{alngal’ valve
@), e Bprariasaiie 190) a?ﬁ&?%?rh%ct@ﬁ TaorQy o) pic n e fully

experinmental ly increasing or decreasing the hig
openehstatesaidthe petppldhich prepiugReLNF sririggatien eyl ‘Pfﬁén}’i’ﬁ control target
pressure of the refrigeration cycle is varied, the
value.coefficient of performance of the refrigeration cycle
varies as well. Based on that variation in the
[0022]coef fli theesaternh agyect afithapeesnt iventon thaoddngrolloemams(90)in the
derives a value of the high pressure of the
auxilidrP téntgR bpéradn €t€h ol Gligfrvalicdestha higpreasate of the refrigeration
coefficient of performance, and the derived value

cycle. S RS s@Bnd, e okRPlI LI chﬁraQ:%hterath#g]%t vl thd &troller means (90)
controller means (90) in the auxiliary contro

perfon\‘x}g?é gb%rgpgtﬁgﬂ ékﬁb%ﬁm%ﬂl% l? ARk dak OQBB(EI‘B@SL @%?gkf:&%sﬁﬂ:l of the

ow rat control” val ve

refrige%:{}g tnle%lgﬁg IAt%rEléep Rz ct%ua Io% ﬁ%)reﬁ] GIddtIOH c#{&? hsf \l«’gr e)ﬂ tﬂg %Q&ﬁmem
of per %Larulm of aﬁe rePnge¥ Ctio% c?/gl%%gggs agsh\%eli: orgasecli on tha g%rle}{%n in the
coefficient of performance, the controller means (90) derives a value of the high pressure of
the refrigeration cycle which provides a maximum coefficient of performance, and the derived
value serves as the control target value. And, the controller means (90) in the auxiliary
control operation adjusts the position of the bypass control valve (29), with the flow rate

control valve (27) of the injection passageway (26) held in the fully opened state, and the

actual high pressure of the refrigeration cycle becomes the control target value.



[0023] In the eighth aspect of the present invention,
the refrigerant circuit (20) is charged with carbon
dioxide as a refrigerant. In the refrigerant circuit
(20), the charged carbon dpoxide as a refrigerant is
circulated to thereby performa refrigeration cycle,
[0023]dur i hgthewhihtihaspect o the presdme inventpore sheoefr{Sont chrcain@0) is
refrigerant circuit (20), the charged carbon dioxi de
charge@Svith dagfon Aetiadks 4 ffegerpites hetheatfpigerant araniti (20); dle charged
pressure. ADVANTAGEOUS EFFECTS OF THE | NVENTI ON [ 0024]

carbon%{&ﬁdé’\ﬁé‘seaﬂretfﬂ"gerﬁrﬁfﬁ LN ALd QNhaRPRpaTde 4 dhigahtidh@cle, during
first aSpeCt of the pr esent invention enters a state

a
which 1€ b R e (P B P il 2 TR Mg sy diowide
% anount of f g {ang hq% flows through the
as a TN, BLOPressse a?9¥ axp Fher {86) and the conpressor
an _be bal anc ﬁﬁ@_ in the anmount of
ADVANIRGEOUSERFBCAN Okt kNSRBI ot oauct i on it o
t he expander (60) also fromthe injection pass geway
[0024])( 26) Evm amhen reaclrigeeationfappayaiua ht0) ©b Hiedist snagtof gsent
to bypass the expander (60) wi Il now be allomed to be
inventiontentedua stdteiwitich ¢reateexp amizidance defween itk amawé pf tedigdsant that
recovered also fromthe refrigerant from whi ch power
flows hnipaithCOPpaaddri(6Wadnd thdemouire o6 vefri getant thatrfafvar tbrovigh the
accordance with the first aspect of the present
compréRYLE0H, e expanDHEGOMBRA tROSSh kS0t (50) @ah b@Balkm@d with each other
refrlgeratlon apparatus (10) capable of stable

in the ﬁﬁglarﬂt& Bﬁk r@frig%lédngbjy réi er%ﬁﬁ‘&dlﬂsﬁoﬁ A itttd SPander (60) also

out I'ng t e anount of power

le f
rom GEERVARMSAIAGPCHE ELAA R HRRE LAy s
”Em%%aaqﬁ@w;wwgshagﬁwz SR .o

i

expander (60) and the conpressor L are bal anced
recoveypc: h Idgrstiorst ineaccordangeevi rﬁrst@ﬁp%‘ag thg grespriipygeiognit becomes
so that the refrigeration cycle is stably continuously
possibjeetofrealize theantljgerationdgiparatn (10)tcapabledf stede apéretionting ariety of
can be perfornmed in a condition that acconplishes a
operatidonditionc eithbitdiaetly rafucipgtficamang ef ppee2A6toveratihom the
fifth aspect of the present invention, the refrigerant
refrigefddtcui t (20) includes 10

[0025] In the second aspect of the present invention, the controller means (90) adjusts
the position of the flow rate control valve (27) so as to provide a maximum coefficient of
performance. Therefore, in accordance with the second aspect of the present invention, the
expander (60) and the compressor (50) are balanced with each other in the amount of passing
refrigerant so that the refrigeration cycle is stably continuously performed and, in addition,
the refrigeration cycle can be performed in a condition that accomplishes a maximum

coefticient of performance.

[0026] In the fifth aspect of the present invention, the refrigerant circuit (20) includes




t he bypass passageway (28), thereby meking it possible
to deliver the outflow of refrigerant fromthe heat
di ssipator to the evaporator through both the expander
(60) and the bypass passagepay (28). Therefore, even
when t he expander (60) and the conpressor (50) cannot

the byp28s PakarRead (28)! heede ity posidldie detiventhe ohtfloassfimfyigerant
refrigerant by refrigerant introduction into the

from t}%xﬂ%%{‘cﬁ’i%l%e(t@pﬂ) the QMpbAcoritlogsh bR (RASGATENAY0Y ad)the bipass

beconmes possible t0 secure an anount of refrigerant

passag%\g%}s 21 c’ﬁllle%t%?er L{en t\bﬁ i tﬁfe %k}%% 0FAECHRE Cofnpfbssd?Y50) cannot

o] eragd hr ough t he” bypass
8 I
A i e T

pens the bypass control valve ( V\,hen
into the gRandercliP BV B ECkioy poBEATY (%ﬁ%f uder §§§etmewfe an
(26) is fully opened., As a result of such
amoungef eefiigsmn that circBelcvivetbe g srBRteiicHt {UNiesysipp the refrigerant (o

refrigerant flow rate in the bypass passageway
flow throughhie biypasepmsagres(a8)y, Ih hédiboy, theeantiohgr mﬁ@saéﬁl (tthe fifth
of refrigerant that flows through the expander (60)

aspect btHehese ihveraind dpbss tlegyess obntred dabvi(29) anty when thedlow rate
of power recoverable fromthe refrigerant in the

Jepka hefully Bpeasd  ABRIEfult of such
contro?\?%‘i’%enR g ?%\I@g)(ij'—ﬁ@rﬁnqﬁDsRAar N(%ts@[%oz%?y Figure 1 is a ’

arrangé?aﬁnﬁﬁaéébn@sga% dslglb {9 El?ﬁﬁ‘ré@@ ki te ARV HBS 1GRTA G RabON

t1oner "and an operation in the cooling

passaggﬁ%’gf{ﬁﬁ %g’%llelll’rllém sshe Lér%b)bge%ﬁhn%ﬂ%%ﬂn%f fefrigerant that

uration itioner an an
er on in.t
flows r@? L eeanaaﬂeaﬂgw o e AEesr 5 e?%ionn?rliﬁ%n. kB
gure4|sad|agramv\/n|chlllus tes in
poer S o B U O TR 5t 0L B B
5 is a cross sectional view which |nd|V|duaIIy
BRIERDIGGERE HAN GBTHE DRAYEYGSsm of the expansi on
mechani sm Figure 6 is a diagramwhich illustrates in
[0027]cr oss section the states of each rotary nechanismfor
each 90 rotation angle of the shaft of the expansion
MG p@Bilsieh sdematic block diagram which shows the configuration of an air
conditioner and an operation in the cooling mode,
Figure 2 is a schematic block diagram which shows the configuration of an air
conditioner and an operation in the heating mode;
Figure 3 is a schematic cross sectional view of a compression/expansion unit;
Figure 4 is a diagram which illustrates in enlarged manner a major part of an
expansion mechanism;
Figure 5 is a cross sectional view which individually diagrams each rotary
mechanism of the expansion mechanism;

Figure 6 is a diagram which illustrates in cross section the states of each rotary

mechanism for each 90° rotation angle of the shaft of the expansion mechanism;



Figure 7 is a relationship diagramwhich represents

rel ati onships of the rotation angle of the shaft with
respect to the volumes of chanbers including an

expansi on chanmber and w thitespect to the interna
pressure of the expansion chanber in the expansion
MR B 7SI rel Hiiiship BagramavHittoreprsiserrts raltiooships plike refaden angle
the control operation of a controller; and Figure 9

of the sifafwitie }e@&éd@ 1 {he RroRling@ o eharib e dincrpirgsandxpassion chamber and
rel ati onshi p between the high pressure and the

i | @ RES 05 BB ELrdnBiod ch&hbérds Hiad dxphngiycmechanism;
wﬂhrﬁﬁ?&%&?ﬁéﬁ%p@ pp?%gsure ﬁ%coﬁ%s equal to or above the

ref.rigerant, critical. REh HOWVERAbSrd1Nr; and
Tﬁég ﬁ£§W$Q%£§§quﬁgﬁé%$?gerggﬁo appar at us 20
refrigerant circuit . .23: out.door he - ; igh
| rhieut e arealioRtinglieram Ming RoETS aRIRARAR berkéin e hig
i nj ecti on_passagewa 27: inj.ection valve (flqw,r
pressutaid by coRtTivep oI TBHOBRES S UEPTALST By Fateviich B il ressure
passageway) 29: bypass valve (bypass control valve)
becomB® equab iperaboive therrelstearins it @b RISF8%S0r )  60: expansi on
mechani sm (expander) 66: expansi on chanber 90:
REFERENCE NEMERADLS IBEBHEEIVBAY NS MODE FOR CARRYI NG OUT
THE | NVENTI ON [ 0029] Herei nafter, an enbodi nent of the

[0028present invention is described in detail with
reference to the drawings. An air conditioner (10) of

t hey: RERiRERtioR itgent is formed by a refrigeration
apparatus of the present invention. OVERALL

CON GBATLON: G THE Al R CONDI TI ONER 12

23: outdoor heat exchanger

24: indoor heat exchanger

26: injection pipeline (injection passageway)

27: injection valve (flow rate control valve)

28: bypass pipeline (bypass passageway)

29: bypass valve (bypass control valve)

50: compression mechanism (compressor)

60: expansion mechanism (expander)

66: expansion chamber

90: controller means
BEST EMBODIMENT MODE FOR CARRYING OUT THE INVENTION
[0029] Hereinafter, an embodiment of the present invention is described in detail with
reference to the drawings.  An air conditioner (10) of the present embodiment is formed by a
refrigeration apparatus of the present invention.

OVERALL CONFIGURATION OF THE AIR CONDITIONER



[0030] As shown in Figure 1, the air conditioner (10)

is a so-called "separate type" air conditioner, and

i ncl udes an outdoor unit (11) and an indoor unit (13).

The outdoor unit (11) housdg therein an outdoor heat

exchanger (23), a four way switch valve (21), a bridge
[0030Fi r cUAS sho@@2h Figute Aot aitlcahditiof?)0) inndo-aalled "separate type" air

conpr essi on/ expansi on unit (30). The indoor unit (13)

condith2ds @ad eafdes Qn Bitdb&dger (10paid exahairamit ((B4) ThEbetdoor unit (11)
outdoor unit (11) is installed outside a ’building.

housei ﬁ@rell gﬁtd&ﬂ' at(élx%?l%ﬁ(%r ﬁztaafolulegza%' Bt 8evaIPe (Y d WHd¥E circuit

I on, e out and t he I ndoor

o A SR oo, T8 o
S AT hiz e
0

refrigerant circuit (2 The refrjgerant CIrCUIt

buildigg 0) Thesngoas (v E d3)dp istal d g;sgﬁﬁ:gt QVhvidgAng. eln addition, the outdoor unit
conpressi on/ expansi on unit (30), the indoor heat

(11) anskibb amdper ugi2 413) aEnebnoedied togetheuby 2 pairpbintmeengeténg pipelines (15,
provi ded. The refrigerant circuit (20) is charged

16). Wetdilsadoinahe coropresktor/EGapsias uait (3) mil de anscribpdBEE]
Bot h the outdoor heat exchanger (23) and the indoor

[003 1Eeat EreCdipaditiond 14010?&& a ichipdeeam airedlt (B0).f | Thewetridomie circuit

eat exchangers of the cross fin type. In the outdoor

(20) i aEsedec)ﬁ‘Enﬁ‘ A% % SE WA the tcal%gfe%g16%@;5@1@?0n‘iﬂn[tq9‘))afﬂeﬁﬂdddﬂ heat

e ref rlgeran clrcult exch anges heat wt

exchaﬁ)%é% ?ﬁgér an ther. cnrch %?ﬂnﬁgﬁ) Rlts e{}g g} haqglg rreffléé)ant Jlﬁ%lt (20) is

CIrCU ger ant Clrcul

20. th d 0033] The f
Chafgﬁ%‘;a‘y’)t% 4928?’2&%3 %rggrllgr]%%} r pg:r tr s. [ I'n t]he f gur o\l/Jvfray

swi tch valve the fir i.s, fl
10032 o ndbethdhq Gpigit Jf’é%tr?@f%aélgﬁ’i éé) %%‘516 $fdcpop et SXChangef (24) are
conpr essi on/ expansi on unit the second port
implemented by finsnd deedwat exchangses 9 he 5@?% fip grpe. ofn Ehﬁ@utdom heat
conpr essi on/ expansion unit (30) via the accumnul at or
exchaf@5)23)t the refhigeinparauldtmefin thediesrigstamh eicewtl(20) excharees hgat with
of the outdoor heat exchanger (23); and the fourth
outdo@aiitt  iIs tHe iudelryheaoaxokatoed (249, thmmfrig&rdnta:ﬁrctllaﬁng nodibe refrigerant
heat exchanger (24) via the interconnecting pipeline

circuit((20) exchaghes hb& Wiehimdoweair. sSW t ch val ve (21) is
swi tchable between a first state that allows fluid

{003 3F°”m'ﬂﬁeg[%¥,1 Ry sREIVEAP LI hid fodt pO) T 1AME fobewhikwHch valve

port an UId connunlcatlon bet ween the second port

(21), tﬁg Hrot hl&et id ﬁllﬁrdt)hhco?lg&[ttfé 1%5 aggae c‘gﬁnuﬁ' Bt 31 Sesﬁﬁﬁ/eﬁpansion

econ n catlon
unit (30); the second port is fluidly connected to a suction port (32) of the

compression/expansion unit (30) via the accumulator (25); the third port is fluidly connected
to one end of the outdoor heat exchanger (23); and the fourth port is fluidly connected to one
end of the indoor heat exchanger (24) via the interconnecting pipeline (15). And, the four
way switch valve (21) is switchable between a first state that allows fluid communication
between the first port and the third port and fluid communication between the second port and

the fourth port (as indicated in Figure 1) and a second state that allows fluid communication



between the first port and the fourth port and fluid
comruni cati on between the second port and the third
port (as indicated in Figure 2). [0034] The bridge
circuit (22) conprises a britdge connection of four
check valves (Cv- 1, Cv-2, CV-3, CV-4). In the bridge
betweani the firdt po22pd thehfourtinpbwwnd fldel winmivacdtiondetvedeachke seabrdport
(CVv-1) and the inflow side of the fourth check val ve
and thé Bd4orakeirdidated| iy Feanagrted to an  outflow port (35)
of the conpression/expansion unit (30); the outflow

[0034]8' de TRE bhdge 8 &mdz)h@d?ﬁ&i%ey a'b}ﬁﬁ%v@ﬁn&um fBﬁecHeHﬁ {hiom (cv-

de of the third eck val ve are

1, CV- %O&@ef t(f%d g?f O3l Bﬂyﬁ c\{\fcﬂﬁ (%Qoifx%)l?iﬁgw Liag ]pif the first chec valve

r'éssi on/ expansi out OW Si S
v bt SHESERE IR 4 §1V8?QV#§ fpBsieee
through t he |nterconnect|ng p| 3
outflow PRE IO (B COMRCHIOPRURR mie @e}l %202&151 e elige perend

inflow side of the third check valve (CV-3) and the

check galve (GVr2 iané thsfoutfldye silo of the thiid eheckarlve (CXW3)are Hluidly connected
fluidly connected to the other end of the outdoor heat

to an ieflawhang €34)(@ e cdnf@SSjonfhxpansdr urgeGtthe dutfloim sidel)the Srst
provided with an injection pipeline (26). The

check vily€ VA apd pelihfiew cide)of danstoddidhesk ailve (¥} iaanfluidly
passageway. More specifically, one end of the

connedt®, q%hg}ntmllﬁeicbﬁeecﬁa%meﬁné 1) db Yh<canaesied thehwes heat
the bridge circuit (2 and the |anOM/port (34) of

exchaﬁg@?(ﬂ? WﬁQEéin?l%WMﬁhQ [1111%}1%%1& 3@)’6 aﬁ(ﬁ‘ﬁe%uﬁ%w side of

e |nJect|on pl I ne

the fou%néﬁ%gﬁ ggvé el fﬁﬁ& ocré%i) t.()%];@]ot?lgr én@l of the outdoor heat

npressi on expgn3|on I njecti

ne (26) has an |nJection val ve (27) The
mmhmﬁﬁfﬁ%éion val ve (27) is a notor operated valve for

regulating the refri erant flow rate in the_ injection

[0035] pe|Thﬁée IggtRnt iyt ( 20V1S provid<dvih 11 inigcriap gineuht (49) The
val ve. [0036] The refrigerant circuit (20) further

injectipmpipalies(28) pysEBYesFingaicttien gEsigevThe Mppaspscifisplhelopgend of the
(28) constitutes a bypass passageway. More

injectigppipefinc@6) is, lusdiy comtbctid Hehecdnythabsdgepiirpaiti(32) andahe inflow port
fluidly connected between the bridge circuit (22) and

(34) ot the comptessibex ankidd undf(30)tidlectherpthe s &idost! thx ragtsioa pipeline (26)
unit (30) while the other end of the bypass pipeline

is ﬂulc{lﬁZ génﬂetSteﬁ holhsliyectioR PBRCSBCh RS &&ﬁﬁ}ﬁ}eishﬁllé)d%bfahﬁéfh 0@k [30). The

of the conpression/ expansion unit 0) and the
mJCCtlgH bi?»gﬁ‘neléQ has an injection valve (27). The injection valve (27) is a motor
operated valve for regulating the refrigerant flow rate in the injection pipeline (26), and
constitutes a flow rate control valve.
[0036] The refrigerant circuit (20) further includes a bypass pipeline (28). The bypass
pipeline (28) constitutes a bypass passageway. More specifically, one end of the bypass
pipeline (28) is fluidly connected between the bridge circuit (22) and the inflow port (34) of

the compression/expansion unit (30) while the other end of the bypass pipeline (28) is fluidly

connected between the inflow port (34) of the compression/expansion unit (30) and the bridge



circuit (22). The bypass pipeline (28) has a bypass

valve (29). The bypass valve (29) is a notor operated

valve for regulating the refrigerant flowrate in the

bypass pipeline (28), and ddnstitutes a bypass

control valve. [0037] The refrigerant circuit (20) of
circuiti{®). aiMhe bepuds bipelies (281 8)s 4 bypasovilde@IN t The bygpapeyadta2d) is a

sensors and pressure sensors. Mre specifically, a

motor BpGhte@VERE FrSeSERAHY thé Qé;f\}l\iﬁérﬁnt U6 PAS BPthwi s pfpeline (28), and
connected to a pipeline i ch establishes connection

constitﬁteeg%ggasrslgg?t%l%n@r ge pipe (36) of the
conpr Sl on

expansion unit (30) and the four way
it . 1).. i gh : .
o037 - 33 Elieab ek o Th o BRERSHRE AR R ft b
e B G S S e SR RSPk BBl b 09

) connected to a pipeline whjch establishes_connecti%n.

disposesbyiishris eqiaested o saipeling whish ¢aipblishepqonnegtin hehween the discharge
suction port (32) of the conpression/ expansion unit

pipe (36305 the Thmpraswiopiespansion unér{30) and(thé Joud evag shétch Walve (21).  The
pressure of |ow pressure refrigerant which is drawn

high piesdiee tdigor (O8)etessiheprexwand high pradstre(r8fijgeratn dsohatget out of
side refrigerant tenperature sensor (97) is arranged

the cotnPrebSn/¥ifenBioh ¥nRi36)he Aaed [Bésstiftaefidr ¢90)s Bigpdsed which is
exchanger (23) located on the side of the bridge

conne@éd ©U fipklae) whith edtHIRALs SInHectoRHehiRnaRd foup MR AtdR Qalve (21)
sensor 598) is arranged in the vicinity of the end of

h
and th} g e DR o 5! PR So AR bR sensor
dj,ti ' ided with a. troll 90
00 oI ogRbtetirb bR P Er e BRI Beser ot ea
compiinaison Iy PR oot Baneots SO hurFgu ShekBre 7
sensor (97), and the indoor side refrigerant

arranged igbe yicimty efdheend ¢fghy owdaorhegt ewhangst 25 decstqdgn the side of
(90). Based on the detected val ues obtained in these
the briggmsionst, (22he Amimdpod didy re{idgyand sempesatorsrienssir (9Rrigarranged in the
val ue of the high pressure of the refrigeration cycle
vicinitgd theamdodkis inbeorphest dxichangef (24 tochtel @atthoside af the iftepnnecting
and the position of the bypass valve (29) so that the
pipeliféqti6rt ed val ue of the high pressure sensor (95)
beconmes the control target val ue. CONFI GURATI ON OF

[0038]THE GAMRRESRHAE TN LN 148 Jitl & controller (90) which constitutes a

controller means. Values detected in the high pressure sensor (95), the low pressure sensor
(96), the outdoor side refrigerant temperature sensor (97), and the indoor side refrigerant
temperature sensor (98) are fed to the controller (90). Based on the detected values obtained
in these sensors, the controller (90) sets a control target value of the high pressure of the
refrigeration cycle and controls the position of the injection valve (27) and the position of the
bypass valve (29) so that the detected value of the high pressure sensor (95) becomes the

control target value.

CONFIGURATION OF THE COMPRESSION/EXPANSION UNIT




[0039] As shown in Figure 3, the conpression/expansion
unit (30) includes a casing (31) which is a
vertically long, cylinder-shaped, hermtically-closed
contai ner. Arranged, in sedgence in a vertica
direction fromthe bottomto the top, wthin the
[0039]casi rg sh3dp imFizuee 3,chanprrassssoon/erpahsion smt (B0 jncledes a casing
el ectric notor (45), and an expansi on nechani sm (60).
(31) whidB4903 va@tiealti Isagantjadgishepsd3birmiiscatiyrmieet edntamet. heArranged, in
casing (31). The discharge pipe (36), arranged
sequerbeime eartitdleliretidat from thobatonf 4bihe dopg within eepansg 63) arc a
mechani sm (60), is brought into fluid comunication
compr¥ision rhévbaninheSO)gbn sleacie nodtot (#8),cad iangxpBiklon rp@GALFmMTRE).
electric notor (45) lies longitudinally centrally in
[0040]t he dasidingh{r8d pipe THE is ebreetteil ¢o thetcesing 4H). | Therdidehange pipe
of a stator (46) and a rotor (47). The stator (46) is
(36), afrangddybetsanuthedettoic nreoc@s) agl the txpanfive mashamisfi4§Y), isdrought
di sposed inside the stator (46). In addition, a main
into fhaabmnpmidati¢d A)thahe mtshafspadedd)he saspa(8kd, coaxially
with the rotor (47), through the rotor (47). [0042]
[0041]The dhefetec(rithotontds) dits langithdingly esmtrally thethe cowing Gdgr The
side eccentric parts (58, 59). These two | ower side
electriesoent(#5)ds paxle sp 058 stab8 Y4 @randfagptoe ddBuc Ahe sator (#iis firmly
di ameter is greater than that of the main shaft part
secured 4aldhe o@¥ing ()t wbhé onenr(43) Walisposslinside theatater (468, 18@yldition, a
the underlying one constitutes a first |ower side
main sbaft eat (44) of asbaff 68) ispedsadneoaxiadlyl withihe goter (4/o.tbrdugh tlegsrotor
the second | ower side eccentric part (59). The first
(47). | ower side eccentric part (58) and the second | ower
side eccentric part (59) are opposite to each other in
[0042]ec c erftheisbafti(408 &n, @hits Josteaend side.gwohewersidesgecetrig Ppes 68, 59).
the main shaft part (44). [0043] The shaft (40) )
These fwo tcdtvear shigsccentrid pastsupHet?) ercofosherbsuch it greandiameter is greater
di anmeter eccentric parts (41, 42). These two greater
than that eiftbe eraieshedimari (d4par@Ethe pyo lovpey sileecewminirprredeh IHdhe
their dianmeter is greater than that _of the nmin shaft
underlpiagtong ganstitges 2 fiest tawsr gide geeqninig parbtS8) andihg oneflyigg one
- parts (41, 42), the underlying one constitutes a first
constitges desecendhlopics pide eesntric I@ﬁdégi- Thefyrstdpyes ide eccentric part (58)
overlying one constitutes a second greater diameter .
and the @Q,Céng faveer sisdeteceenpric parh9) prerappogiifdosadtbpihergpessegyric direction
~dianeter eccentric parts (41, 422 are made eccentric
relative o thyeentanel axde pleibe s s dt di ameter of the
second greater dianmeter eccentric part (42) is nmade )
[0043]yr eatTéie shafkA®) Hiarthrutay. abitamercs end pide.worgreader digragleipceentric

di ameter eccentric part (41). In addition, :
parts (41, 42). These two greater I?:liametér ecz:entric parts (41, 42) are formed such that their

diameter is greater than that of the main shaft part (44). Of the two greater diameter
eccentric parts (41, 42), the underlying one constitutes a first greater diameter eccentric part
(41) and the overlying one constitutes a second greater diameter eccentric part (42). The
first and second greater diameter eccentric parts (41, 42) are made eccentric in the same
direction. The outer diameter of the second greater diameter eccentric part (42) is made
greater than the outer diameter of the first greater diameter eccentric part (41). In addition,

the second greater diameter eccentric part (42) is greater, in the amount of eccentricity relative



the second greater dianeter eccentric part (42) is
greater, in the anount of eccentricity relative 16 to
the center of axle of the main shaft part (44), than
the first greater dianeter egcentric part (41).
[ 0044] The conpressi on nechanism (50) constitutes a

to the ntengf age pf teanaih et pot @iy, tharothp fies sosater Thameter eccentric part
conpressor mnmechani sm (50) has two cylinders (51, 52)

(41). and two pistons (57, 57). Arear head (55), a first
cylinder (51), an internediate plate (56), a second

[0044]cy!| i Athecomp@psion aredhamidnn () chuesitut¢ 5243 wingmgarstam type rotary
sequentially in layers in a vertical direction from

comprésser. bdtht @ombessdrendchpnied (S&)chas owp celssdcon(Sdei2aanidgwo pistons (57,
(50). [0045] The first and second cylinders (51, 52)

57). Aaedr lead(5H)a filsecdimien(F1dspdoteiediateplata (¥6) catecpnd tylmder (32),
(57). Al though not shown diagranmatically, a flat

and a fpdrathead (e alel aadegddsseqpemijabiy in lagérg ipa oeitideldimetiom&oni e
surface of the piston (57). This blade is supported,

bottont tortheigip ofahsseanmgessgpnbusdhaniom ©GBe cyl i nder (51, 52).
The piston (57) within the first cylinder (51)

[0045]engad@s finittand sérentl icyBtderofidr SZiedeh exdanthdreinparspet6s)
of the shaft (40). On the other hand, the piston (57)

cylindtiéd ipistort (58). s esloimaigh yiot stem QI@ﬁlnmga@jés afliat plateHlgke blade is
second | ower side eccentric part (59) of the shaft

projectefy proviedpinstho sid¢ 5ifacs oY thespistan (3Ds  Thisdladses byziperted, through
surface, in sliding contact wth the outer peripheral

a swingingfomste onfthe tdindenel, §2)de The pistanr (58) pithin the §rst selinder (51)
addition, the piston (57, 57) is, at its outer

engaggseviitpthe fast lewer sdecccemtris pard (iﬂj of thret sheft (49t h Qrrike ofheehand, the
peripheral surface of the cylinder (51, 52). And, a

piston (Bhpriges therscedraidyéind¢ri83) dngagasrwtith seeadrowercsidogcantric part
peri pheral surface of the piston (57, 57) and the

(59) ofi theehafhEh0).p nERepiston (3B ) ¢ attlﬁenr@} Ipﬁﬂﬂhfif al sugface, 5[2§lldlng contact
[0046] The first and second cylinders (51, 52) each

with theaneer periphgralcmiface sfifbe iorer sisletecgnye parThs, 50t ilpaddtpr. the
(33) radially extends through the cylinder (51, 52)

piston £ 57} &s. atdtsrAuteiipespleeralparface, # shidies ot Wikrthy H@Plaperlpheral
surface of the cylinder (51, 52). In additian,

surfacesqf:w @mllm (51, 52) |&nd axoeperssion shanbai(@d is ﬁ@ﬂt?éﬁeﬁ’geen the

a pi peline. 0047‘L) Each of the front head (h

outer mrm «crﬁﬁsm@a«p ohd PiYEE(S7Tha D and thasipaet peyipherakwptacg ef the cylinder
ort. The discharge port of the front head (54)

(1 5£I | ows the conpression chanber (53) within the

[0046] The first and second cylinders (51, 52) each have a respective suction port (33).
The suction port (33) radially extends through the cylinder (51, 52) and its terminal end opens
at the inner peripheral surface of the cylinder (51, 52). In addition, each suction port (33) is
extended to outside the casing (31) by a pipeline.

[0047] Each of the front head (54) and the rear head (55) has a respective discharge port.
The discharge port of the front head (54) allows the compression chamber (53) within the
second cylinder (52) to fluidly communicate with the internal space of the casing (31). The
discharge port of the rear head (55) allows the compression chamber (53) within the first

cylinder (51) to fluidly communicate with the internal space of the casing (31). In addition,



second cylinder (52) to fluidly conmunicate with the
i nternal space of the casing (31). The discharge port
of the rear head (55) allows the conpression chanber
(53) within the first cylinger (51) to fluidly
conmuni cate wth the internal space of the casing
each of Git)dischargagdits isqmoviddd, aticterroinat ¢ndl, diitbatrasngetipodisehargs valve
provided, at its termnal end, with a respective )
formedibp s haxdgalveal vEacl dischacketpprias plaeell inghe epened on closed state by its
di scharge port is placed in the opened or closed state
associdiyd disshargeseabed. athéate thas otitheg thevdigoharge Rotte netthe disehargeyalves are
the discharge ports nor the discharge valves are
diagraginagicabnstomaaih [Rigiest 3wn Aind, gEisgelrigerdnt discharggdgnto the internal space
refrigerant discharged into the internal space of the
of the cafign@1) B the ownpﬂessimmptlwtsmﬁﬂb@dhfénutsﬁﬂb%m is fed
out of the conpression/expansion unit (30) by way of
comprtdsondixpaisdorgenip(30 by 36y of [leodshaEkheipx@ahsi on
mechani sm (60) constitutes a so-called swi nging piston
[0048] ype Theaxpansieexpeshdesm (Ghrcaxpatesiace-ordehamingmeg(Bayn fype
provided with two pair conbinations of cylinders (71,
rotary 8dpandad (IihsteapansiciEnedsiisml (A0)6id gravidad, withbveRrpaembipations of
mechani sm (60) further includes a front head (61), an
cylindenst(@t, 8 had pisna(s, 868) ,In additian.thaexaasian geehanijry el jfurther
The front head (61), the first cylinder (71), the
includés Eontedied (€1)parainter6@ipte plite (6D easirreeyhdadd64)- (81) ,
and the rear head (62) are arranged sequentially in
[0049] ay erEheifrona hoat (6il) dhe fixt exdimdend 1, temintarmeiote Riae (63 He
top of the expansion nmechanism (60). In_this . )
seconchey! mdget@dptand theweat kead (6Brade sugiead seqypntially ipjlayers in a vertical
cylinder (71) is blocked by the front head (61) and
directiph érouphebotiemdo sher top oé thsfexpasidn meehagism 94k [n7hip afrangement,
bl ocked by the internediate plate ﬁvg’g%fo On the other
the lowerrrid stitfece afitke fieshaylinder €da isdtlogked fremtdypd (Rfgand the upper
(81) is blocked by the internmediate plate 63% an(g
end surfaee oftbe firgealindar(ZDds blockasdebstbe gntermsgiataisre (68)) (ythe other
bl ocked by the rear head (“q%i?g' | n addition, the insjde
hand, dedoweresndsurfagreofdhe sarané gylinsige81) shlosked hydhg uyte 3}?"6 plate
the inside diameter of the first cylinder (71).
(63) apdysopratrndshefhee i4bg sqeend sdnslgr (81 bﬁ}g}ﬂgﬁeﬂé’gﬁi}%ﬁﬁf head{62)-
(61), the first cylinder (71), the .internedi aée. | at
In add{tgg) thetingde digawtr of ferrgemdoglinder AR i greajes thany %Hgtf’géﬁame‘er
which are arranged in |layers. Additionally, the first
of the fird gybrdati(Ahet er eccentric part (41) of the shaft (40)
lies within the first cylipder (71) ile on the
10050byt hor T hrsdati#d s sesrartepanths ranchiat 6 Detbe ity B 7. the

intenn(efiriza)te plate (63), the second cylinder (81), and the rear head (62) which are arranged in
layers. Additionally, the first greater diameter eccentric part (41) of the shaft (40) lies within
the first cylinder (71) while on the other hand the second greater diameter eccentric part (42)
of the shaft (40) lies within the second cylinder (81).

[0051] As shown in Figures 4-6, the first piston (75) is placed within the first cylinder
(71) and the second piston (85) is placed within the second cylinder (81). The first and
second pistons (75, 85) are each shaped like a circular ring or like a cylinder.  The first

piston (75) and the second piston (85) have the same outside diameter. The inside diameter




of the shaft (40) lies within the second cyli nder
(81). [0051] As shown in Figures 4-6, the first piston
(75) is placed within the first cylinder (71) and the
second piston (85) is placedgwithin the second
cylinder (81). The first and second pistons (75, 85).
of the fire pstrh(7S hanpeokimialedy equeisrtbebetside idiagnaser dfithefigst greater diameter
cylinder. The first piston (75) and the second piston
eccent(i8phutiidlle fThe irsatvalioutist efghelsevand pistonT(§8) appseximately equals the
diameter 18 of the first piston (75) approximtely
outside dizaiesertol éhecat ariddmeatmdieneter efcenthie phit(4%). griewk the first greater
di aneter eccentric part (41). The inside dianeter of
diameteh eccsptTmiridi ) o pagsed hrappr thx fins péstgn §andthetzecond greater
outsi de dianeter of the second greater dianeter
diametec eamtiricpaptade) s H2ysed fmdyght the s¢dond pisgere@dpr  di anet er
eccentric part (41) is passed through the first piston
[0052] 75) Erdirstmstor (M ds, gt dnower pediphenst snfasedanstiding cpatpet with the
(42) is passed through the second piston (85). [0052] ,
inner femiphéiat sitrface of the frAylinder (At). i Qnesnd surlprerafihetiesf piston (75) is
surface, in sliding contact with the inner peripheral
in slidingrdoataet with theefrdrit hsad yl).i nblerothariend sorfacesgidthe first aistondf’S) is in
the first ﬁiston (75) is in sliding contact with the
sliding eamact methdhg Btgrmetiate petadb3)endVishin thclersbey limder €71}, gifirst
piston (75) is in sliding contact with the ]
expansint eharebtir 472 ipfamed pedjcen Wetinher netiphgrpl sxrfags pf thg diest cylinder
(71), a first expansion chanber (72) is formed between
(71) andhihejontrs pepiphargisarfate ofiihe fesepisiont(@Y). f i@rstheophar hard. the second
(71) and the outer peripheral surface of the first,
pistong{B&) israt {7 Hiter perinhiseal guifane, mahidingtaeatasbwih ghe ippensppheral
(85) is, at its outer peripheral surface, in sliding .. .
surfacg gfthesecamdiarlindes (8 hne Onsentl shdcg of thy secardpistoni($) is In sliding
second cyl i nder (8&%. One end surface of the second . . ..
contaqswithghe (@5heads(62)h sitiedithg end srfaserof Haa srcenkbpisten (BRds i sliding
(62). The other end surface of the second piston (85
contaqt avijhrhe jitermegiateplated63). wiWihip e seqered sadgt @1y aeeon
(63). Wthin the second cylinder (81l),. a seco &ﬁ )
expangigp shambss Bhdpiframed doyvaes thﬁ‘olﬂlﬁ%fd?@bl@b%éleﬂlffaﬁ% °¥n gpeond cylinder
peripheral surface of the second cylinder (81) and
(81) apdhthe e peripharpfartase olithe srcendpistofd8Skcond pi st on

o055 B bt T P L o
sccondpialis (575 PRy Fs s ABEETNAETESR PR (40 AF REE (16 56) i
ape s o e b e R S 2 5 s
outwa(r)c]lcly tfrl?)?n ie%tuge? pc(zgpsliera%sszjr'face of the piston (75, 85).

[0054] Each cylinder (71, 81) is provided with a respective pair of bushes (77, 87).
Each bush (77, 87) is a small piece which is formed such that its inside surface is a flat
surface and its outside surface is a circular arc surface. One pair of bushes (77, 87) are
disposed with the blade (76, 86) sandwiched therebetween. The inside surface of the bush
(77, 87) slides against the blade (76, 86) while on the other hand the outside surface of the
bush (77, 87) slides against the cylinder (71, 81). And, the blade (76, 86) integral with the

piston (75, 85) is supported on the cylinder (71, 81) through the bushes (77, 87). The blade




[0054] Each cylinder (71, 81) is provided with a
respective pair of bushes (77, 87). Each bush (77,
87) is a small piece which is formed such that its
inside surface is a flat symgface and its outside
surface is a circular arc surface. One pair of bushes

(76, 86Yi4,capable aff retatip apaissdhavt tlindeh@ 1 p8 1 ded 7 bl86) moving towards or
sandw ched t herebetween. The inside surface of the

away fesththe c¥Iinde8T)1, 8).des agai nst the bl ade (76, 86) while
on the other hand the outside surface of the bush

[0055( 77, BHS fist éxpession ahansher (1) vayHin tobdirst Flind@1(71) brddvided by the
the blade (76, 86) integral with the piston (75, 85)

first bisle {UPPotep et with thdBrst yistond25) iaDIwoSbhcdshr Onglspadealefined on the
bushes (77, 87). The blade 19 (76, 86) is capable of

left-hamit sdd ofgha et bltle (T8 i ¥lguno® bedoiies a8ikjt laghipreapad themdfer (73) on
noving towards or away fromthe cylinder (71, 81).

the hifl0pEeSJurd bide hiiid 8t othepapmie dafiodtborbibe righthand gide of thiairst blade (76)
first cylinder (71) is divided by the first blade

in Fig(#ay bécoteg ndlrstiptviprasaere fchamberp(i74x wmnth¢ 76y prastweside.  The second
spaces. One space defined on the |[|eft-hand side of

exparsioa chambér (B2 peahin 76 second=cginder @1pischividsed hy fhiersstord bjinde (86)
pressure chanber (73) on the high pressure side and

integrahwitl thvesec apigu stonl 6§5) et ton spdves.r | Qint sthandefsiedendhe tefiehand side
first blade (76) in Figure 5 becones a first |ow

of thepeessitaleaBanindrigyt? 8)beormesresdcond bugbs:ws@es;h@lrebel’l(ﬂé) on the high
second expansion chanber (82) within the second

presswy kidaded theBherispaadi deiflided o hetright-bewbside bf thd seqamgd)blade (86) in
integral with the second piston (85) into two spaces.

Figurh begpacsa stedrichlow oesstiteechamber ($dhon Siedew po¢ssuigessideecond
bl ade (86) in Figure 5 becones a second hi gh pressure

[0056¢ hanb&he {ig8yylonet (78) midythe spromd stiliedes (¥ asharraresd m sish
space defined on the right-hand side of the seco

orientplierthal B6 cirpwmferngiah posiidreefdheBushes €70 ﬁﬂthﬁé'mﬁtmybgéqxr(%l) and
chanber (84) on the |ow pressure side. [0056] The

the cifcupderentjdlipasicion pf7the bashest($B of deeotedond ¢ylinder (8 Bagreqpith each
arranged in such orientation that the circunferentia

other. pd@l othasvasds, threanglest exhiglythy segongd jgulinger §81)ds pirangsd againgt the
and the circunferential position of the bushes (87)

first cyfinder €7 bde Bdagress. i rredeseribey ahgre éhq/ﬁltShg@aT@hdlameF?é ﬁccelnﬁlc part
ot her words, the angle at which the second c¥

(41) a(lé the segong grsﬁtgé@la@g@r greentrigepart(dkare BiAdE Sees r(ﬂ?ff}atwg tgythe

rees, As described above, the first greater
cen’tew AR efrthe meenthafipapdtd) inthe samgrdirachen s b ermadigelyagtdhe same
ameter eccentric_part (42), are nade_eccentric

time th@q the figas blage (o reachpy 16y mest Wishdsavws pegomsative iy e diggption of

(44) in the sape direction. Accordlng at the sane
the outer periphery of the first cylinder (71), the second blade %éﬁ) also reaches its most

withdrawn position relative to the direction of the outer periphery of the second cylinder (81).
[0057] The first cylinder (71) is provided with an inflow port (34). The inflow port
(34) opens at a location of the inner peripheral surface of the first cylinder (71) situated
somewhat to the left side of the bush (77) in Figures 4 and 5. The inflow port (34) is
allowed to be in fluid communication with the first high pressure chamber (73) (i.e., the high
pressure side of the first expansion chamber (72)). On the other hand, the second cylinder

(81) is provided with an outflow port (35). The outflow port (35) opens at a location of the



time that the first blade (76) reaches its nost
W t hdrawn position relative to the direction of the
outer periphery of the first cylinder (71), the second
bl ade (86) also reaches itspgrost w thdrawn position
relative to the direction of the outer periphery of

inner pehiphaaCantice vt ihbdedon(i@%)inder [(®D5patdh sorhewlstt ta theirigheside of the
(71) is provided with an inflow port (34). The inflow

bush (¥Dih Figu3d) 4 apeRis Hie cutllowabitqds)ab alitweed wrterin fmid piremahication
surface of the first cylinder (71) situated sonewhat

with the®sebdifl lo@f presutbechamben@4b(ish the/Ibw prasshragidest the amdng.
The inflow port (34) is allowed to be in fluid

expan§iOMBRMER{(80N W th the first high pressure chanber
(73) (i.e., the high pressure side of the first

[0058 EX paniieantehédiine pldta @B) is goovidbae with heonhmandcatinggasegonal (64).
cylinder (81) is provided with an outflow port (35).

The co@uRidhtidopisp@etivay &6 iofemsd atchahdtdtattémis timbughhthedatermediate
i nner peripheral surface of the second cylinder (81)

plate (53} inahethickea®whgttitwitchefr i Ghinesindfacead! thhimtermediate(187 (63) on
in Figures 4 and 5. The outflow port (35) is allowed

the side@ftiig: firdt Eflinider FNTOMUBIesdbT Gl cominfunidatieg sassagrivadydd) opens at a
pressure chanber (84) (i.e., the |ow pressure side of

Jocatidrhen Beeightsidespiasiranlakamder [f 82)okher[s0058] of Theintermediate plate
internediate plate (63) is provided with a

(63) o6 OaRidd cfahé Bgopd sglagienes] )(Bd pther dinkoftbernemimpaickiigg passageway
passageway (64) is fornmed such that it extends through

(64) obé18 at al@ationlbatte: lefilstkeef (EFHecoml blhde (86). c kduad s shown in Figure 4,
direction thereof. In one surface of the internediate,

the coplnairécati passagewaye(64) ebeerals obliqudly redativeytb itheddickpgss)direction of
one end of the communi cating passageway (64) opens at

the inermédiatapiave (63, théreby hldgwing itlbelinsf lophressiresthabibati§4) {ig)..the low
In the other surface of the internediate plate (63)

presswasitibef giedastafpartviorserother (A2)) anddhe §egond higheressrechamber (83)
of the conmuni cating passageway (64) opens at a i

(i.e., thobighipoessune stdeef Ithef seceidiexpafsiothehasehss ) blodiedlyggmmunicate
And, as shown in Figure 4, the comunicating

with epelssthgeway (64) extends obliquely relative to the
thickness direction of the internmediate plate 993), )

[0059] her eBlye imtdrowdinty rilate (63)risprovisied pridsaniniectompere (37) fogp Figure 3).
(i.e., the low pressure side of the first expansion .

The injértivnagrort((32) i fenmedishieh thetibsutendyibptentialyrie adwsizpaal direction
(83) (i.e., the high pressure side of the second

and itetepainel onl eeasbethe cBRMuUNiGsting prsgrgevEsAdhi ddestartgndypt the
each other. [0059] The internediate plate (63) is

injectionpeitddd) saiterils amoitaide dhg wringd? 1) izzpineliae Fhgtigssnibgd above, the

injection pipeline (26) is connected to the injection port (37).

[0060] In the expansion mechanism (60) of the present embodiment constructed in the
way as described above, the first cylinder (71), the bushes (77) mounted in the first cylinder
(71), the first piston (75), and the first blade (76) together constitute a first rotary mechanism
(70). In addition, the second cylinder (81), the bushes (87) mounted in the second cylinder
(81), the second piston (85), and the second blade (86) together constitute a second rotary
mechanism (80).

[0061] As described above, in the expansion mechanism (60), the timing at which the




The injection port (37) is formed such that it extends
substantially in a horizontal direction and its
term nal end opens to the conmunicati ng passageway
(64). The start end of the 21 njection port (37)
extends to outside the casing (31) via a pipeline. As
first blddess(6) radhaabownegst withdravm msitionmelptipetol the dre@ion;of the outer
connected to the injection port (37). [0060] In the )
periphenypditisd st eginden{74 rer(dbidy: tiofing hewlpick Swrrecendddadah) reaches its
constructed in the way as described above, the first
most vatHdravarepositidn) relatile tdihs asct{onnf thoowteeperipheryd the sespnd cylinder
cylinder (71), the first piston (75), and the first
(81) arblszmichr¢ii£dd wislyeadhertheronbt dthert words.fthe processtiamhich the volume of
mechanism (70). In addition, the second cylinder
the firgt 8w prashee bbahies (T Mecrepsastie thei firstiotars meokanisy (T @ad the
(81), the second piston (85), and the second bl ade,
procesg 86vhichdlet Yxdume ofi gteisecnng lagts prsemuke elomatrey (8hdedieasessim the second
(80). [0061] As described above, in the expansion
rotary mechanisns (8Q) 669 in syhehrpiimatinp aee Rigiush)t hén additign, e described above,
bl ade (76) reaches its nost w thdrawn position )
the firstddwipraseure oharheerd74)edtthofirsbfotarienasharism (B&rdndlibe secend high
the first cylinder (71) and the timng at which the | .
pressugechambeb(83) of (86 candachissmeehsnisn0) aletin diuidworpaanicatim with
relative to the direction of the outer periphery of
each otlive visgho pemuphicatdieg pastae)(64x e Andntisfoni lewdreisus champer (74),
other. In other words, the process in which the vol une
the comunidating passegd (6W), pné gwreeonsihigh presqure phagmehar €33 degsther form a
the first rotary nmechanism (70) and the rocess in__. .
single wieisethsptehe v Bhig néS@f spabecasiones the gfpapries shgmbes Kepe A his 1s
(83) increases in the second rotary nechani sm (80)
describgdewitinrefgmuotertodiigie 7on (see Figure 6). In addition, as
descri bed above, the first |ow pressure chanber (74
[0062hf t Ha Figure 7, theratpjormansieed thersliafoldOhhen the Tealddads (plysaches
_ pressure chanber (83) of the second rotary necgfﬂi?m .
its mogtggithdspwn pasifipn fedptivs terthsidimeiigholthe Rutck Beriphehfrthe figst cylinder
_the comunicating passage (64). And, the first |ow
(71) s dasspe. Brastsians teafescrRtise b heamdean g cpibtonBat e
. (64), and the_second high pressure chanber (83), ...
maxinugg ¥plyele of ghefitst egERYPR Snehse §73inder exppple, |f8%@8”ﬂl’fer) and the
. space constjitutes the expansion chanber (66). ﬁhis i's
maxingiR pplupepiihe feopist emapstien enthey ($7 13 o1 @‘Gﬁ?}@ LA™ gure

7, the. rotation angle of the shaft (4 en the firs
[0063h| adeVitheyfercaet RddBuret’s atbe PO 9{1@?1%0032%%@9 faghin angle o the
shaft éﬁ)lel%]&): d:/egfetegﬁlg g@grifnre% ttlileo 1rsto lfowt phrgssgllfjet c%ram%glr iﬁ??gaXhe%fits
maximum value of 3 ml and the volume of the second high pressure chamber (83) reaches its
minimum value of 0 ml. The volume of the first low pressure chamber (74), as indicated by
the alternate long and short dash line in Figure 7, gradually diminishes as the shaft (40)
rotates and, at the point of time when the rotation angle of the shaft (40) reaches 360 degrees,
reaches its minimum value of 0 ml.  On the other hand, the volume of the second high
pressure chamber (83), as indicated by the chain double-dashed line in Figure 7, gradually

increases as the shaft (40) rotates and, at the point of time when the rotation angle of the shaft

(40) reaches 360 degrees, reaches its maximum value of 10 ml. And, the volume of the




(71) is O degrees. In addition, the description wll
be made on the condition that the maxi mum vol une of
the first expansion chanber (72) is, for exanple, 3 n
(mlliliter) and the maxi npm vol unme of the second
expansi on chanber (82) is, for exanple, 10 m. [0063]
expanMbi bhansee (66) e a beartdin gotateorizanght is talsempdi the vafimeiofrgheviishlow
the rotation angle of the shaft (40) is O degrees,
pressurdiéhavithen (781) ahd tHeevolims of the weqoné highreeshwmbembe7@p) at that
reaches its maxi mumvalue of 3 m and the vol unme of
cerlaint fotatRacmglt, hehlepriag shirelahanbie coBB)unicatiop pesshge(64) out of
m ni mum value of 0 m. The volunme of the first |ow )
count.pr Bssherevatia nixevol§md pf thasxpardicnathehbbry(66). e irxdi¢asedla e solid
| ong and short dash line in Figure 7, gradually )
line indfiptei7s heashas hivemsmafatue(of0)m! atehapaist efittine when the rotation angle
point of tine when the rotation angle of the shaft
of the (44T) (408 80hésr360  degheshsaft (40)eatiwsthietvolumadfithere¥pangion chamber
of O mM. On the other hand, the volune of the second
(66) ghidghlly pressasrand cérahtrer mg8B)um aslué nfil ¢ ml etthp poinih ef dmgivhen the
doubl e-dashed line in Figure 7, gradually increases
rotaticmsanigtesofahagltaft((40) rendtea 866 degrees. at t he point of tine
when the rotation angle of the shaft (40) reaches 360
RUNNEYGERERAFAIOMNes its maxi mum val ue of 10 m. And, the
vol une of the 22 expansion chanber (66) at a certain
[0064t ot at Tlenopergioa df shesriseamdafoneh@ 0y il deaeritsel. t Herdinatter, thow
pressure chanber (74) and the volune of the second .
operativmf the eis somditiedea (HB dufigg yheatootihgmode and Hierpperstign o fhe air
angl e, when | eaving the volune _of the conmmunicating .
condifpass 6lfR dasng thedteatiig modeiare desasibedand thpeppsatiane! theFxpapsion
of the expansi on chanber (66), as indicated by the
mechanadm (60) is desciibedi gure 7, reaches a m ni num val ue of 3
m at the point of time when the rotation angle of
COOLREGSMOME (40) is O degrees. As the shaft (40)
rotates, the volunme of the expansion chanmber (66) .
[0065§r adulal thy coalingameiss therfaursaicivatchay e imseip jae Prteshown in
- m at the point of time when the rotation angle of
Figurg¢ he kthiststateoipor eeritiaalimetf thegeasis mapNdPNeS BPERATI ON
[0064] The operation of the air condition?[ (10).is.
comprges e EXnaasiopand (B therefrigarant gpratates 1gihoueinigeganticireuit (20) and a

condi ti oner (10) during the cooljng nndéhan %he door h
vapor 6pRIPERSFien reffigerabompycle Ssadiodi Bhairing By Cr e qutdoor heat
heati ng node are described, and the operation

exchapgqs{AR) aperaterestidisrsHis(BgT 308 thedppplg! exchanger By Sperates as an

evaporator. Note here that the description will be made on the condition that the injection
valve (27) and the bypass valve (29) are fully closed.

[0066] The refrigerant compressed in the compression mechanism (50) is discharged out
of the compression/expansion unit (30) and passes through the discharge pipe (36). In this
state, the refrigerant is at a pressure above its critical pressure. This discharged refrigerant is
delivered, through the four way switch valve (21), to the outdoor heat exchanger (23). In the
outdoor heat exchanger (23), the inflow refrigerant dissipates heat to outdoor air.

[0067] The refrigerant after heat dissipation in the outdoor heat exchanger (23) passes

through the third check valve (CV-3) of the bridge circuit (22) and then flows, through the



COCLI NG MODE [ 0065] In the cooling node, the four way
swtch valve (21) is set to the state shown in Figure
1. In this state, upon energization of the electric
notor (45) of the conpressk®n/expansion unit (30),
the refrigerant circulates in the refrigerant circuit
inflow(p) (3d) dhta thevaypansicomprlessino®0) ef thegeommtdssinn/eypdnsiongmit (30).
carried out, during which cycle the outdoor heat
In the exeinging @rech23Im B tie dsghasesutvaalrigiras ipatsad tasaparidend its
i ndoor heat exchanger (24) operates as an evaporator.
interndlehergh éy @nviiadd inhepales ortiglt isamedmol totaethoralit @9).t hEhe low
condition that the injection valve (27) and the
pressubypaggramhfter $PAMsian Bowe bhiyofthoseopressi@iGipaihen unit (30) by way
refrigerant conpressed in the conpression nechani sm
of the 6B w Sori38y lpasge through thefirst kbeokompreg €N-bnd fekp bridgeosircuit (22),
unit (30) and passes through the di scharge pipe (36).
and is Helivenédsto th¢ aldeor hidacexchbngeg€2dhnt is at a pressure above
its critical pressure. This discharged refrigerant is
[0068 el i Vetledndbdrieagdxchiraef (4), thainfw tefhgovait wbsordsiheat from
t he outdoor heat exchanger (23). In the outdoor heat
indooresticiralng esuse@ 8) evaphmtd afd, asw resiélt.ithemanor di ssoplatesThebiw
to outdoor air. [0067] The refrigerant after heat
pressuch sirpligemnt exiting theondmo beateadiangsc@dhpeses(tapgh dwsfoyr way
through the third check valve (CV-3) of the bridge
switchoiabeuRl) Ry tamdirswerthfdughvthe subtioupdrt (32, ia® the adrhprgssion
port (34), into the expansion nmechani sm (60) of the
mechantsnp(383 sf tie/cerxpagssionfexpaviston(Bf)(30). | A helsemprgssiag msghanism (50)
nmechani sm (60), the high pressure refrigerant is
compressas the drovexgidgatatraddithen disohprgentdl energy is converted
into power which is used to rotate the shaft (40). The
HEATING MBEsure refrigerant after expansion flows out of
t he conpressi on/ expansi on unit (30{ bX way of the
[0069but f [Towhemating 8B)le, thases vaytsmoigh vatvigd2 b ohgmges fitaéto the state
) valve (CV-1) of the bridge circuit (22), .and is )
indicatgd biyvhe sdidlmetindigumd dor Ihibis statg.civan gaergzaugn of the gBtricqnotor
t he i ndoor heat exchanger &24) the inflow refrigerant . |
(45) ofiths spmpraseian/ek panwion unidaP), Hierrehiggrans cisenlateringthe refrigerant circuit
evaporate and, as a result, the indoor air is cooled, .
(20) arghe vasweompession scfyaeratian eyclfols gatriedqu dyging pdish gy the indoor
heat exchanger (24) passes through the four way
heat exghpngay (34 apsratesias adwat dissipaierandripoputdperisaiircppnger (23) operates
suction port (32), into the conpression nechani snil
as an qvapratsr.  Netedsapthasthe daycappamwilb he mede op s congign that the
__conpressi on nechani sm (50%
injection valve (27) and the bypass valve (29) are fully closed.

[0070] The refrigerant compressed in the compression mechanism (50) is discharged out
of the compression/expansion unit (30) and passes through the discharge pipe (36). In this
state, the refrigerant is at a pressure above its critical pressure. This discharged refrigerant is
delivered, through the four way switch valve (21), to the indoor heat exchanger (24). Inthe
indoor heat exchanger (24), the inflow refrigerant dissipates heat to indoor air and, as a result,
the indoor air is heated.

[0071] The refrigerant after heat dissipation in the indoor heat exchanger (24) passes

through the second check valve (CV-2) of the bridge circuit (22) and then flows, through the



conpresses the drawn refrigerant and then di scharges
it. HEATI NG MODE [0069] In the heating node, the four
way switch valve (21) changes state to the state
i ndicated by the solid line2i4n Figure 2. In this
state, upon energization of the electric notor (45)
inflowqfortt 034), wnpiteesswanmahempdrmwnn(&ﬂm pf the30Mpraskien/expansion unit (30).
refrigerant circulates in the refrigerant circuit
In the ¢:g@nsian theaharapo (6Moitrp heghgiressureakfriggemais wnsagyiolesparsl and its
carried out, during which cycle the indoor heat
internadnéran grerony@49d iofrepatez sviach i ubehto rdiassihpabast (9hd Theelow
out door heat exchanger (23) operates as an
pressusviafrigeadnd aftefNodpendiar Bowhaut afftles chespesspi/axpandion uie(30) by way
made on the condition that the injection valve (27) @ |
of the anflowhmro@ph pesseathrenghdy fanrth dhath yales GS¥d) of hetoidgd pecuit
refrigerant conpressed in the conpressi on nechani sm
(22), ap8 @3 ddlivertid s¢ Heragdboo beat ea¢hanper (@3hpr essi on/ expansi on
unit (30) and passes through the discharge pipe (36).
[0072]) n t Highe attdiice heathpschasgei @), dlnt inflowarefrigepné alsgrts hepbiyem
its critical pressure. This discharged refrigerant is
outdoteir andriechusechiooygporatee flbatowmasessug gatreftigeyant {eaying thgoutdoor
the i ndoor heat exchanger (24). In the indoor heat
heat exshehgan §21) pagsey throigh the fowwayetriicherkiet2 b andiipticasiravan through
to indoor air and, as a result, the indoor air is
the sudiwatpodt. (320 Wa}heﬂmmeﬁfsmnge%@ﬂnlsmf(ﬁ@} Oﬁibgporaprggslwdﬁxr@ﬁsmn unit
in the indoor heat exchanger (24) passes through the
(30). sBroethotrsis medhpeisind@§0pgonfresspethis rdiramereé:qlgfwman(l Syon
and then flows, through the 24 inflow port (34), into
dwdwnﬁér%xpan5|on nechanlsn1(60) of the
ressi on/ expansi on unit é: z. In the expansion
OPERQ*’éE O HADE. XPANS TN N Ef refrigerant is
caused to expand and its internal energy is._converted
[0073] nt o Tgeweeraiipn ehthesxpansipnyreqhgpisme(6Phis dgﬁ%iﬂ’? d bglgy. The
ow pressure refrigerant after expansion flows H%é
[0074} he é@ ﬁlmféré%pl@m by makangoisieneice 1 Buprag, afirt pr@FeSF escribed in
out fl ow port Passes t hrough t he fourtﬁ %
Whlch@égh/@ef(w r&fﬂ&?fﬂm eths SPRRgertigaF éta‘ietﬂo"(SQ‘EBO the, figstihigh pressure

chamljggl('lltﬂy g%ggtggg}dgpaﬁjéggg&%%aa Z'at Ee’\éx%; al?qg ﬁ@ﬁ (%‘ﬂ) rg#es a s%%ht rotation
refrigerant absorbs heat from outdoor air, and

from therEip e pbiates Pawion WoplResiveTyhe ﬁrSéfPﬁt@bWéh?nd the

s A bhSesiontye Aot exehanger £25) PSSR g e

pressu(rjer g\{“\ggerztmq rstoalgts ?lowmg into the first high pressure chamber (73) from the inflow

port (34). Thereafter, as the rotation angle of the shaft (40) gradually increases to 90 degrees,

then to 180 degrees, and then to 270 degrees, the high pressure refrigerant keeps flowing into

the first high pressure chamber (73). The inflowing of the high pressure refrigerant into the

first high pressure chamber (73) continues until the rotation angle of the shaft (40) reaches

360 degrees.

[0075] Next, by making reference still to Figure 6, a second process is described in

which refrigerant is caused to expand in the expansion mechanism (60). When the shaft (40)

makes a slight rotation from the rotation angle 0° state, the first low pressure chamber (74)




the suction port (32), into the conpression nmechani sm
(50) of the conpression/expansion unit (30). The
conpr essi on nechani sm (50) conpresses the drawn
refrigerant and then dischapges it. OPERATION OF THE
EXPANSI ON MECHANI SM [ 0073] The operation of the _
and thexgané high presshizrhsmb¢i683) besotesbiidlpedmbeiniostiv Ofthajch pther via
the first place, by making reference to Figure 6, a
the cofahnmicapng pessgevayd64); riibidd refnigenahi girthilghingneteshe gecond high
refrigerant in the supercritical state flows into the
pressufd ¢lsinblet (83) firoesthe fest lowandseure Cidhbaof(74)h e Thicrestiey, o teyotation
mechani sm (70). Wen the shaft (40) nmakes a slight
angle ofthathan(40) padutlheinceiss lof0 degbes, testal &) degrees, and then to 270
posi tion of contact between the first piston (75) and
degredshthe vblunst ofatiy¢ firstlerw preddurpdssds: { ) gragtualihdeaeases while
part of the inflow port (34), and the high pressure
simultpedouslyehantlusic af the setawimgh presaire tlemitier 643) lgraghvally increases.
pressure chanber (73) fromthe inflow port (34).
Consefuenigatht eo]unssofttheexmhsivn omnatry I(@ﬁ)cgi‘actlhﬁy gteadaseq. 40fhis increase
gradual ly increases to 90 degrees, then to 180
in the delgneed theaepabhiencliamiRy (66 egnigess jushbethieghe potatéen gngle of the
refrigerant keeps flowing into the first high
shaft (#0)esschee 360 dedrees. ( 281, inTthe pravkssoliring vdfich the vieluge of the
pressure refrigerant into the first high pressure
expangihawhanbet 169) ivonisen esrefingarant i tierexpansiorchambee(6e) expaads.
shaft (40) reaches 360 degrees. [0075] Next, by making
Becausebsueh cdrigerant expensipny ticesheft (40)se ewsatipngtp deigen. i n this way, the
described in which refrigerant is caused to expand in
refrigarirg vadpa e it lewairessiesrabadbyr (7dhBews.Karoyaly the congyunication
makes a slight rotation fromthe rotation angle O
passagst(@f)e jnto e fecemst hiplywressuse shanebes i8hHyerle(ivisexpandigghd t he
second hi gh pressure chanber (83) become fluidly
(0076t o mmulnitheatciftigerant elpangion nsedess. the tirigonent PEFpHIAMAERER Hig
passageway (64), and the refrigerant starts flow ng
expanpinn gharler de@@ieduaily fallsms dhesiptationpaslsof tegdpiti#Gnergases, as
- first low pressure chanber (74). Thereafter, as the .
indicafegityt the Arokan fine inoFigurse’ . s Mdete spaaiicalyatgsupsrciitral-sRiggefrigerant
. to 90 degrees, then to 180 degrees, and then to 270
with vefigl thedirstpw presswigehenber{d4) is iilled pp wndsraees AR bE perspure drop
~(74) gradually decreases while sinultaneous% t he
during /e time Wil thygonsion aaglp of heshald &b aeachenifout ¢ ésgf%s’ and enters
gradual ly increases. Consequently, . the volunme of Lhe
the saigiach ST6H stfrarbdicreagiey thyraliggrany Wihisy 185 sxRanstpR chamber (66)
gradulll{]ycge%?esa(sees in pressure while it is partially evaporating.

[0077] Next, by making reference still to Figure 6, a third process is described in which
refrigerant flows out of the second low pressure chamber (84) of the second rotary mechanism
(80). The second low pressure chamber (84) starts fluidly communicating with the outflow
port (35) from the point of time when the rotation angle of the shaft (40) is O degrees. Stated
another way, the refrigerant starts flowing out to the outflow port (35) from the second low

pressure chamber (84). Thereafter, the rotation angle of the shaft (40) gradually increases to

90 degrees, then to 180 degrees, and then to 270 degrees. Over a period of time until the




in the volune of the expansion chanber (66) continues
just before the rotation angle of the shaft (40)
reaches 360 degrees. And, in the process during which
the volune of the expansiopgchanber (66) increases,
the refrigerant in the expansion chanber (66) expands.
rotatioBe@aless thd sabqh0y refidheg 86@atgresspehieddwmrestine refnigbtan( Ay
is rotationally driven. In this way, the refrigerant

expan¥ibh BoMidubEsly 1684 oliPdY tRE 6SBHE Bove PRENLE cafder (8HWS,
t hrough the communi cation passage (64), into the
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. supercritical-state refriagrant_ w th which the first

injectippwakye é2Buwith dhpmnass Yarve 29%held in g Tully elesret fies Lhe controller
abrupt pressure drop during the time until the

(90) comtrenéasrihamglibary contne ophration(Wign the ijersion aBbgH2 Hnters the fully
degrees, and enters the saturated liquid state.

open stAie dexifg gk prinhey caftrdl gperation,wict, lnihen threrefigeaand iflow rate in the
chanber (66) gradually decreases in pressure while it

injectiof pRRIihé fld) ¥aeaBe ittda0€ ady0adé] Max tontyllefed) g the auxiliary
reference still to Figure 6, a third process is

controf %}2&5\!1&?9(1{1&5 WRIGbitioh §F fedR bR valveqes), Yt (B¢ irj&eion valve (27)
second Io& £ (84)

pressure chanber of the second rotary
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. _Thereafter, the rotation angle of the shaft (40)

distribytign gk heyreirigeraahetbe bypass pinghig @83 1S ToHenesr Feqursd-
degrees, and then to 270 degrees. Over a period_of

[0079% i me Timt ¢dntrohepe@ionrafitia ¢antrodan(98) isfdesdsibed mfletail 20th reference
reaches 360 degrees, the |l ow pressure refrigerant

to a flafvtohart o€ Kjpars$.onTlsonminoloptshtionf dfokescantiollof (9hehayecioddgure 8
| ow pressure chanber (84). CONTROL OPERATI ON OF THE

starts, AT RO ERs VAR £§19) haea aithedllle tlof&0statper f or ms a

primary control operation and an auxiliary contro

[0080PPET afy R, STIE tH@&Hrﬁ&hlla@(Qﬂ? ked ImbLArd61 B bYera@RY dldition of

operation adjusts the position of the injection valve

the aixg (%)gxégg)\?fg{ Qpihem@ge"%%%tﬁ\régw g}e(c%%)roﬁ&' (90 Rcdi0&s dudhlt¥ignals from
the high pressure sensor (93), the low pressure sensor (96), the outdoor side refrigerant
temperature censor (97), and the indoor side refrigerant temperature sensor (98).

Subsequently, in Step ST11, the controller (90) uses these detected values from the sensors
(95-98) received at Step ST10 to compute a control target value Pd_obj of the high pressure of
the refrigeration cycle. This process of computing the control target value Pd_obj will be

described later.

[0081] Next, in Step ST12, the controller (90) compares a value detected by the high



(90) conmmences the auxiliary control operation, when
the injection valve (27) enters the fully open state
during the primary control operation, i.e., when the
refrigerant flowrate in the7y injection pipeline (26)
cannot be increased any nore. The controller (90) in

pressutdiensar(PF), aeyan eandllyahespedatalienPddif olst lsigh peespos of then
of the bypass valve (29), with the injection valve

refrigdrion cydRY Wil tRN¢R@takdre viluk PY_sxjesledlasiddh Stepe8Tl1.  Ifthe
regul ates the refrigerant flowrate in the bypass

actual 'IH@JS{JH&@ vaBR)pd offife l\‘l\&%ﬁ bfe%gdrg bf ﬂl%%frirggﬁiﬁﬁﬁ% 81885 PLhdRY e equal
ontrol operation, he bypass valve (29) enters

to or 'i{!i?eirftﬂzl.r{ the SORF Vﬁ‘?arﬁ%t%fﬁegig ogjlg ﬁerb%nﬂglgc#ﬂekﬁfo\ﬁ lﬁ?&ﬁﬁ&l moves to

str utlon rigerant

S el i n

Step S‘féémfft% t%%hpm%suﬁﬁaﬁﬁ&q@ﬁe Bk BRaRTe SF Mt Blisrion ovele
described in detail with reference to a fl m1chart 0

falls brﬂpwh@ cgniroffrreelotiedid_spe F@tqosﬁold%pef%'@né’aﬁ*ﬁeﬁaﬁ pveg é‘b)%tep
shown in Figure 8 starts, with the bypass val ve (29)

STl6.pl aced in the fully cl osed state. [0080] In Step ST10,
the controller (90) makes a neasure of the operating

[0082 ondiTf Pdir Raf obf, He aitrolbam(80) deterenings 10 tepNBFl8 whether the injection
specifically, the controller (90) receives output

valve @7y Raihshd fulifnopkiiel dedtgbr pstessur e sensor (95), the |ow
pressure sensor (96), the outdoor side refrigerant

(00831 ENPEF 8l 18eRER i Mat tiRNHjebieh VAO@7) BhfEready entered the fully
refrigerant tenperature sensor (98). Subsequently, in

opene(\?tstﬁfé Bk cbitrol ﬂ)‘ézra‘fﬁﬁ?‘i‘&%ehﬁr rﬁ(%g')s td@ﬁ sthesenfisf S? St d, the

ués from Sensors recei ved at ep ST10

contro‘ilgr @ﬂgp %%ee ing srﬁtf{ h&lgﬁr% tal\ﬁﬁlgutﬁe r iee?% ngvet(f s@'ﬂlqg fthe fuily

press He ref r|gera on
i n Ihe ntrm ta P
openefjiieley lﬁ@%sutlgpg W@%}Vﬂ o) fift eé‘g"%%é“%{dﬁ’émg of the
controller (90), conpares a valueggltect gﬁ@gﬁ
refrigeyant "btpé%"sbh‘lﬁ@s%@ﬁ%léﬁe (@8)kstarts, opthe r gﬁ@% PW ass

val ue, Pd, of the high pressure of the refrlgeratlon

plpelncey@ﬁbls ingreased helncashernwtrds, adenghialthis suptionjthe Efkgarant dlpw rate
in Step STI 1. If the actually neasured value Pd of

in the itjectiongiipehine §24) rcenraft bt rereaséd agemate; the actrally megsyred Malue, Pd,
to be equal to or greater than the control target

of the Wigdhygeddreaifjthe teli€getativn @icledpeqwl ioor greaeetion ehermouesl thiget
Step ST13. If the actually neasured val ue Pd of the

value D b Pr ERSEIRrofbr ({9“?1:1’1@%&(51{6 Gfdredsk Othe Yt of @it gerdie tiawflows
the control target value Pd_obj, the control operation

into th‘%rb‘g/ﬁgs@ Pifelite (2H ity Brdet fPreduce the high pressure of the refrigeration cycle.
[0084] If the controller (90) determines in Step ST13 that the injection valve (27) has
not vet entered the fully opened state, the operation control procedure moves to Step ST15.

In Step ST15, the controller (90) increasingly shifts, while maintaining the bypass valve (29)
still in the fully closed state, the position of the injection valve (27) so that the refrigerant flow
rate in the injection pipeline (26) is increased. In other words, in this situation, unlike the

situation of Step ST14, it is possible to increase the refrigerant flow rate in the injection

pipeline (26).  The controller (90) therefore increases the amount of refrigerant that flows




ST16. [0082] If Pd > Pd_obj, the controller (90)
determnes in Step ST 13 whether the injection valve
(27) is in the fully opened state or not. [0083] If
Step ST 13 determi nes that tdge injection valve (27)
has already entered the fully opened state, the
into the on¢atioh paEdéinai(26) in prdec wdadeertbe/ bightpoesSirepf gIrefrigerntion cycle.
Step ST14, the controller (90) increasingly shifts,
[0085Whi | @ Bttt Radigiftikie< Paj @ tthe sontalle (903 A} temhinks in $tep St16
the fully opened state, the position of the bypass

whethéﬁlllé/l?yﬂa’s)sg‘)alw 2t95]%t1n%1'1é Y cldigd sthfefR@dei ng of the
refri‘gerant |nto t he bypass plpellne (28) starts, or

[0086]t he rehL 'bgg%s@%lvé (i Qétéhﬂ He& !E)esuﬁ R in Pﬁaﬁfﬁ i Rfosé@Bhte in

i NCT ea alt

he refrige nt f o rat i} n
Step Sé %gﬁ? ?]O&tr(o; 85)€I'Eté ‘6@“‘? move \gge e%y“rqmr e%tetprg'leﬁt {h%
al ly measured vaI t he hi sur.e
comrokl?fég?)efhcre@émgly Hiftse parle hP@“tgq‘B%\LYE"éS il %péﬁtse iy Hﬁﬁﬁy closed
the control target value Pd obj. The controller (90)
state, thhppseti@n @f theénedivayabveé2 Ariotkat t reﬁégerrmj dhoxwiate dhe injection
flows into the bypass pipeline (28) in order to
pipelined26)ds dedreaskil ghImrtbersuords, dlic sthie im dfis jigetian isohatghetadrigerant has
[0084] If the controller (90) determnes in Step ST1 3
not yetheeh idtheluce] ©ed thebypak pipelidd j28)and thedhjeytdin eaitef2dihishet yet
fully opened state, the operation control procedure

entered M GRIL Bpcdle@Rtafel 1 ThelcBn@bIRR (S0 kBere foh@ de@edst Dihe amoLROf
increasingly shifts, while nmaintaining the bypass

refrigeVt Wit 16 ]}nté e 1!n eeflort Plgelfn&él (:23) &l (9%@1‘% $h M Re tﬁehﬁgh pressure of

position of the | Jec n val ve (27) so that the

e flow rate in the |nject|on pi pel i ne (26)
the ref{lgérgéﬁ%}geﬂzéed In other words, in thi S SI t uatl on,

o057y 6 OB D RS TS BRSSP o
L i

i nj ection pipeline ( in order to_ reduce the h| )

Step Spt &dbepentrsiler (H9) ﬂ@cfreasg@ﬂmhlﬁﬁ vdijle holding Bggnjecieen ‘t’@ﬁ%@‘ (27) still
ot her hand, if Pd < Pd_obj, the controller (90)

in the f;{lélwexpmwmatanhSpgqytugt aiBhe sk ealve (19 59 e sithertherefizgyant
isin the fully closed state or not. [0086] If the

flow rdwy freths bypdse @ifelay (38 iddicerandd) edthicdntsdducingrefivlee refiigerarianto the
fully closed state in Step ST16, the contro

bypass‘%ﬁﬁé]ﬁfel(%b BERPREUT 8nFENee Ssvokds, Bt B sihidtlon, ke Sheply dchured value,
controller (90) decrea5|ngly shlfts whi |l e

Pd, of hfélo}g%lpﬁregﬁl‘?e BY PR SSFi%AaMEn £33 b&lohlek ldVVﬁrttH@l thelkbtrol target value
Pd_obj, with the bypass valve (29) already placed in the opened state. ~ The controller (90)
therefore reduces the amount of refrigerant that flows into the bypass pipeline (28) in order to
increase the high pressure of the refrigeration cycle.

[0088] Referring to Figure 8, the primary control operation of the controller (90)
includes an operation flow of reaching Step ST15 from Steps ST10, ST11, ST12 via Step
ST13 and another operation flow of reaching Step ST17 from Steps ST10, ST11, ST12 via

Step ST16. In addition, referring still to Figure 8, the auxiliary control operation of the



state, the position of the injection valve (27) so

that the refrigerant flowrate in the injection

pi peline (26) is decreased. In other words, the state

inthis situation is that thgrefrigerant has not yet

been introduced into the bypass pipeline (28) and the
controllerj (88) inohudesmdvepefion firaw ofwsachieg Step$ildAdpm Rieps S, ST11,

opened state. The controller (90) therefore decreases
ST12 ib Stcr®Lirdt andfanothef spegaticaniow biteadHiomSteprld Stitven Steps ST10,

injection pipeline (26) in order to increase the high

ST11, BTes s QephTidhe refrigeration cycle. [0087] If the
controller (90) determines in Step ST16 that the

[0089PY pa:lgl \éa%éégs &ﬁr%)énﬂﬁﬁﬁ AL con¥ Bl tafifet %l@@ Pl hﬁbj beldedhigh pressure of

cl os tate ope ation conttol procedure noves to
ST18. I I 90
the re 8%%1%%%%%%? 91 sstﬁl? TIS?EI Og\%llg}lredr: %r?}g)r heeir nj( ec% ion val ve
27) still h t th
10090} pe B phasunrifiisa e iRl ﬂleﬁw@hﬁrﬁg%ﬂﬁ%()ft@? itk dfipttycte

fIOM/rate in the by pass pi peline g s decyeased, or
becomenedyahtq gauiesteigthen thetalticdmregeiciths ffriecrhe thp geant

pi peline (28) is stopped. In other words, in thls
evaporgtion gemisratuteter e reflgbpnheasoratian peessise) anddhe psfiriggrant

hi gh pressure of the refrigeration cycle becones | ower
tempetahaa at the egdof thel hehiadigp@pataradrel xe R dheodzjefficignt of pergormapas §COP)

val ve (29) already placed in the opened state. The

of the EFALdratidbLEydOPiries UbRinainprdn thetlphgsedshe odnmmairRtrigdation cycle and
refrigerant that flows into the bypass pipeline (28)

the CO}?noiothg ?é’fn%&ahbﬁ&fc?@@&ohf&@ nfikBRuR W8 WheEhigh ptdisure of the
refrigeration cycle. [0088] Referring to Figure 8, the

refnge?z[tlﬂ% ¥1GOMHEON Igt e dfl?eg 29% ot\ﬁﬁn(‘fq?&%@l ller (90)

des ‘an oper reachrng Step ST15 from

t ep 10 STl ST12 v
(0091 o Ferbmpnaifdne Weag@ﬁffﬂlan%{ e op i &R88 M design phases
ST12 via Ste 116 ddi ti referrin
thereofy ithe Beffziifﬁlilfl%e gs AEHTE SVAPGFAIoD BBt (R s
the 29 controller (90) includes an operation, fl ow of
refrigerasg EHARRGALEEeSSTE) 2Rd Higrefiggantipmperatyre at th hegFitp feieat
Step ST13 and anot her operation flow of reaching Step
dissipgmT8erersoliBt@pin@kin, @ varigls valusstang, {ir gad epnigraien, a value of
[ 0089] The process of conputing the control target
the highaprassuRdofahg redfigdrimgorhiygle whies puredesfa madimum COP was decided.
refrigeration cycle in Step STI 1 of Figure 8 is
The cah@stei O stofd0RQhe frm dfMa rAatsikpe corrélhii@péquatioh, eotraspondences

whi ch t he hlgh pressure of the refrigeration cycle
between the combinations of the refrigerant evaporation temperature (pressure) and the
refrigerant temperature at the exit of the heat dissipator and the values of the high pressure of
the refrigeration cycle which maximize the COP.
[0092] During the cooling mode, the controller (90) applies a value detected by the low
pressure sensor (96) and a value detected by the outdoor side refrigerant temperature sensor
(97) to a stored matrix or correlation equation and sets, as the control target value Pd_obj, a

value of the high pressure of the refrigeration cycle which provides a maximum COP

available in an existing operating condition. On the other hand, during the heating mode, the




becomes equal to or greater than the critical pressure
of the refrigerant, the refrigerant evaporation
tenperature (or the refrigerant evaporation pressure)
and the refrigerant tenperagure at the exit of the
heat dissipator are fixed, the coefficient of

controfler (00) AfpNiee a (VEXoR Xetetted be thetbiv [edsatd ensay@d)eandaniabs detected
dependi ng on the high pressure of the refrigeration

by the @¥dlof siAR e frib B@n QPR peatrd Serlsf (IBPRY BétbRA nbdifik 6r BReIRM
maxi mum when the high pressure of the refrigeration

equatif%%se?s‘? gg ?}%%oﬁtrglﬁgfggtf \i/aq'uevlgd 4%, a%h%rm dliligh BHAMB 0Pthe

ormance “testi ng was perforne nthe air

I8N M RIS P

.tenperature (or the refrigerant evaporation pressure)
conditigny the refrigerant tenperature at the exit of the

heat dissipator were set, in conbination, at various
[0093);al uds thway podeseakad abowb ithrgangirllen(90hsaie apthe targat ¢anyRl value

pressure of the refrigeration cycle which provides a
Pd_obpexiamen{@@Phigh praent déthe reffigerationcyde wich goyidss o magimum

in the formof a matrix or correlation equation,
COP aeailatés amdsdixtiag opbating eshdithen. ¢ o, et doatrsliaf(90hentrols the

refrigerant evaporation tenperature (pressure) and the

positidredfith@ R éfibn VEINB €2 Blatdl Ercositha oPhd bygass Vv @8) in order that the
i ssipator and the val ues of the high pressure of the

d
actualf éeisgl%ﬁ%id%,nP%,}b?lﬂ?e N%%ﬁ&sm.bmhé @eﬁi@@ra@@acﬂ@ 8&8dted by the

ring the cooling node, the controller (9 applies a

S SO EEETTBheH BT g 9 o9

] a stored matrix or

EFFE@%@@#@%WW(S&&@ s, as the control target

val ue_Pd_obj, a . valye of the_high pressurg of the
(0094} ef ¢ i Byenavhegrihe e F@G\}\Wﬁ"@ﬁ(lﬁﬁ GF tgdeessnhERbodime pigpters a state

.. available in an existing operating condjtion. On tge

whichgapses opgrencelof anignbelace beiveer thesgwount plgrefiggerant that flows

controller (90) applies a value detected by the | ow
throughrths sxpassior mswhani9s (6@ ndd themhamt dérefidgasant that flowes through the

i ndoor side refrigerant tenperature sensor (98) to a
comprsisisrelecimnishx (50}, thoexpahsibn orchadina(60)and e ®etsessas

the control target value Pd_obj, a value of the high

mechaRi<@S @) ai0be bdlGncel &fith A€l athiePth BY emOuMhifPassigDNelitiesarn by
maxi mum COP avail abl e in an existing operating

reﬁigéf&ﬁ%t%cﬁﬁtioﬁ Q093 ekParlsiith MBhaRRMAGEF Al BImARS Vfectioh®ipeline

controller (90) sets, as the target control value
(26). Therefore, the refrigerant conventionally made to bypass the expansion mechanism

(60) will now be allowed to be introduced into the expansion mechanism (60), and power can
be recovered also from the refrigerant from which power cannot conventionally be recovered.
Therefore, in accordance with the present embodiment, it becomes possible to realize the air
conditioner (10) capable of stable operation in a variety of operating conditions without
hardly reducing the amount of power recoverable from the refrigerant.

[0095] In addition, in the present embodiment, the controller (90) adjusts the position of

the injection valve (27) so as to provide a maximum coefficient of performance. Therefore,




Pd_obj, a value of the high pressure of the
refrigeration cycle which provides a maxi num COP
avai l able in an existing operating condition. And, the
controller (90) controls theyq position of the
injection valve (27) and the position of the bypass

in accordhrwe WidPihe ipResentt@bodiadnt f the ex@ambioa lnhecham s (6@chndahele,
Pd, of the high pressure of the refrigeration cycle

compré@tRcth&shaliént (38) arB baRn BSOS N ELhSRRG G tHeXRdouNBYf PRSI
the control target value Pd_obj. EFFECTS OF THE FI RST

refii geﬁ\@?ﬁm\éﬁhﬁé &ﬂ%%@tnggggfae Wﬁébl{/ B@ntﬁiu%uﬁ??glif&in%aearnd,( #0Mdition,

e present” e ment enters a sta whi ch causes

ccurrence of .an ipgbal ance t -
the reiPEFAFHERTT: S B bRt T hs SR ol S BTGS2 Rlaximuen
necggni n1(60g and the anmount of refrigerant that
coetfiqiend € PERPIHIAGACt he conpressi on mechani sm (50), the
expansi on nmechani sm (60) and the conpression, .
[0096}rec hdniaddtioaon thapressat pabediment. e wirssemt gt 20 inchles the
anount of passing refrigerant by refrigerant )
bypass pipelowu@8), treréntroaking iteepmbls itodelivst Hediighprestye wifggerant after
fromthe injection pipeline (26). Therefore, the
heat dissipsiti@etoand hexo axehahia(28) oy thaldeat txochbygra$24)t Whichever operates an
expansi on nechanism (60) will now be allowed to be
evapolafir! @ebieaGothe ekpdsRURAREAS M TEONRAItBED{ RS pipalie (28).
power can be recovered also fromthe refrigerant from
Therefdf, €DePRNES th%%QEQki&l%é’&lﬁﬁi!SﬁQ@bj hddBe ESRAEE §Fmechanism (50)
Therefore, 1 n accordance wth the present enbodi nent,
cansiot e SEGRTF RSN Oy o BELIARCPRAR A g AL} L ARBErant
imeoa G Iblogfe fticrop BEaib e AeafitlieF i FpdRe @8 i becomes
.[0095] In additiaon,. in th resent .enbodi.nent, fhe
possibleciRPITF R APgByt oldpferint et GESaTsIR B eidse £jrad (b
_valve (27) so as to praovide a maxi mum coefficient of
causing &he tsipgasent fo fipwrthroyek thedypasspipding (48inc &n addition, ple controiler
present enbodi ment, the expansi on nmechani sm (60) and
(90) of the presontpametsslioentopetrathe Sppass 0l va (29) val vamkerdthpinipctisactalve
other in the anount of passing refrigerant so that
(27) of the imjeftidngeipeltriedd6)dy Cllly drensd. abhya cwnltiofisihsirmpangement, 1t
performed and, in addition, the refrigeration cycle
becon@dBoeblOes i@Ff@sitHenefaige@ﬁdﬂéwﬁte ihede BRERPlBb EX8)ao the
maxi mum coefficient of performance. [0096] In
mininﬁﬁﬁﬁécge%(yz B%%réw%ewrmﬁéh gﬁsa%fﬁr@mgerahh@atrfﬁ{wg @S @hlthe

circuit i ncl udes t
expansion mechanism (60) to the full, and the degree of reduction in the amount of power
recoverable from the refrigerant in the expansion mechanism (60) can be kept to the minimum.
FIRST VARIATION OF THE EMBODIMENT
[0097] In the controller (90) of the above-described embodiment, the control target
value Pd_obj for the high pressure of the refrigeration cycle may be set as follows.
[0098] In the setting of the control target value Pd_obj, the controller (90) of the first

variation first performs an operation of experimentally increasing or decreasing the high

pressure of the refrigeration cycle by shifting either the position of the injection valve (27) or



bypass pipeline (28), thereby nmaking it possible to

deliver the high pressure refrigerant after heat

di ssipation to the heat exchanger (23) or the heat

exchanger (24), whichever operates an evaporator,

through both the expansion nmechani sm (60) and the )
the posijgrasisthpbpedss nelve 123). Thereftmiler (39) ircregsesortdsereases the high

expansi on nechani sm (60) and the conpressi on nechani sm
pressufesd)the e:ngeaitidnecyokl b étinpittiepsion ofttireinjection have @) mvhen the

of passing refrigerant by refrigerant introduction
bypass vl RDPisHERBTRIIP BloBRCARNnIHe 6Lk ctidrovalid\@7) R peadet] gmthe

pi peline (26), it beconmes ©possible to secure an

nt ~f ' a [ [ :
openecfi[?t‘ré Oftfthd 6thE B {P)% chgi'@%lile? (%(2%@1’%5‘5%3 Rﬁdécﬂ]f‘ases the high pressure

igerant circuit using the refrigerant

orie L P 05y BRI B Bl 0,
S R A A SR R 7 S

As a result of such arrangepent, it.  becqnes, possible

The confyollgrd8Prwakesiia ac} ms%%%?fntiew ST ofithe rﬁi#“%%tl%yﬁ&!‘swhen the

_ pipeline (28) to the m ninmum necessary, thereby ,

high pressiue phidetréfeiganstiontyde 1Srle¢r|ewéroadt:cr@¢$a¥‘ f TsneontrieHei(gf) derives
the expansion nechanism (60) to the full, and the

a correfpnéetwdenrtbel uariation in thethigh preeunnt ofithe pafuigeration cycle and the
recoverable fromthe refrigerant in the expansion

variatibR e ICOR 68} rdiperatorkefle. t OTHehethaicontmllzr (90 uRSThe derived
VARI ATI ON OF THE EMBODI MENT [0097] In the controller

correldtiP ko Bhd bRaRRE VR KIgS ?feisﬁﬁéi oEiNRe&krigBRtion Ee GARhIRbvides a

target value Pd_obj for the high pressure of the

maximtr Ctﬁ’edrnﬁts.bt@gl%ec\%’ Ead' Y C%}Fro‘? ?atr%&%aflﬁllidoﬁ‘%a [0098] In

e setting e contr target val ue obj, the

BT SR o P

decreasi ng the hi.gh ressure refrigeration
0099y 1 dPB9Y Brimary ot P e oSl LG T HEERBRY o
val ve (27) or 32 the position of_ the bypass val ve
embodimgyt usgh @S g BRIRFBISRS famperatpie,af sgftigergpt diacesdoul o
high pressure of the refrigeration cycle by shifting .
compressongnethaniom (§0) (thetempeeatyre 6f disgharge 1efrgeranthierropkal the position
bypass valve (29) is being fully closed and only the
of the impgetiot ivekye (2Mwe tii2m)siticn ofltheexbashvalhe (29 p einedhestvarrds, it may be
On the other hand, the controller (90) increases or
arrangeél® ewchab@shd fatfollgh(90) ess ks @ controltthget wilud, gdisahargarefrigerant
cycle by shifting the position of the bypass val ve

tempefad B} whidhgitotides 4 Ria@Bi8 CONAl¥EbIE 2 dn bSisthe di@rdtialglcyndition and
opened and the bypass valve (29) is also placed in the
controRREEBEsiBERbBthe injection valve (27) or the position of the bypass valve (29) so that
the actually measured value of the discharge refrigerant temperature becomes the control
target value. More specifically, Step ST11 of Figure 8 sets, instead of a control target value
for the high pressure of the refrigeration cycle, a control target value of the discharge
refrigerant temperature.  Subsequently, the controller (90) determines in Step ST12 whether

the actually measured value of the discharge refrigerant temperature exceeds the control target

value.



The controller (90) makes an actual neasure of the COP
of the refrigeration cycle when the high pressure of
the refrigeration cycle is increased or decreased. The
controller (90) derives a egarrelation between the
variation in the high pressure of the refrigeration
THIRDWA I ATTON 0F TU® EMBODIMENTe COP of the
refrigeration cycle. Then, the controller (90) uses

[0100jt he dehiVEarrd@ed Shchlth@Nhd Sordioner @0y 8f th€ abbvd-Bidchibah
pressure of the refrigeration cycle which provides a

oo D 1 083616 S B - ERPg o
] .l . ..
cenp SR Y5 B BP0 PGPl P BB B s

araneter, .the tepperature refrigerant discharged
valve @a orgpe P?ﬁé’fw%frﬁ%? gg&%%ﬁédﬁ% Q(r)?gni sm (50) (the
tenperature of discharge refrigerant) to control the
[0101]posi {Thepserdiputhe setypietpighe (empresatpreof agrafienpassass thyqygh the
of the bypass valve (29). In other words, it may be
indoor&catamglthgsu@d) whih tHehemeombaad Hiseipatod Qyringsthg heatgngamode, i.e., the
control target value, a discharge refrigerant
temperai@pef af dischandvdcdut pf tieiitksr anirghd) furmOOR Ieutng molie i And, the
an existing operating condition and controls the

controPQH) 1@Puldfes tHRehitNpRErOBf MakdBigérdiidn O¥cld Becqasillingdthe position
of the bypass valve (29) so that the actually

of the ltﬁzﬁgﬂiﬁ Selvy 2172 or gIr?eﬁsogtﬁPQi& M}%lﬁssr ®iv¥d @87 @that the ﬁ/%t}laéﬂy

eratur eco e contr target” val ue.
iLi I . ' o f
measuZBTElsiof Bl donp S 574 ol RS B cBOhE b BER AR Bander 24
. refrigeration cycle control target .value of the
during fhe gl 100 decqesyin e uf inale? S dsEEent 1y, the
controller %E%&,deternines in Step ST12 whether the
FOURIH YARIATION QFRHE R MBORINEN T schar ge refri gerant
tenperature exceeds the control target value. 33 |
[0102]THI Rin tharbaTs-drscubedrembetiment NENrel prestTe ¢k theggfrigeration cycle
arranged such that the controller (90) of the ) o
is measbed by tesse bt hignpresiunesensarg88), disosed plana thetrefrigerang circuit
tenperature of air after passage through a heat
(20). exlediampely, Wihsthbd Srdngad tichnhaginsteadiofmaltingla e pahersuteof the
control the position of the injection valve (27) or
high pieR&ir®8iht ir i gefatib M By dy, ARSEi gl pkaseur 39)he rERLRAioflegcle ser
inputs a set value for the tenperature of air after

estimaRASHAL G vl QU@ DG another sensor.  For example, if the rotation speed of the
compression mechanism (50), the electric power consumption of the electric motor (45)
which drives the compression mechanism (50), the refrigerant temperature at the heat
dissipator exit are measured, this makes it possible to estimate the high pressure of the
refrigeration cycle from these measured values.

INDUSTRIAL APPLICABILITY

[0103] As has been described above, the present invention finds utility with refrigeration

apparatuses having an expander.



i ndoor heat exchanger (24) which becones a heat

di ssi pator during the heating node, i.e., the

tenperature of air discharged out of the indoor unit

(13) during the heating nodggq And, the controller

(90) regul ates the high pressure of the refrigeration
Claim&ycl e by controlling the position of the injection

val ve (27) or the position of the bypass valve (29) so

that the actually neasured val ue of the tenperature of

air after passing through the indoor heat exchanger

i ng the heating node becones the target val ue

What S2°ﬂ‘t“%"ejgby the user. FOURTH VAR ATI ON OF THE

Afﬁ\h‘B Hen g(FEP @Jggas éonaqns%rpgga r%gr?,%/e?gle ¢ir u g ?{%o\ghi@ﬁgtcompressor
50, RS HE Y 50 B, LSS S b2 hming

Alternatively, it may be arranged such that, nste%
refrigegtiongi Pispysiignleting aﬁ%fagf—:rﬁ@t igfthy ¥edrizenaryisirpyis 20)y e gpinigeration
the refrigeration cycle, the high pressure of the
apparatusfooppesisangi on cycle is estimated froma val ue detected
by anot her sensor. For exanple, if the rotation speed
(a) an dfiectibe passagewas@bpthrombheiicls ap (S of theerefigecant flowprgmemwards
consunption of the electric notor (45) which drives
the expdhdeC@OPTiBESthE RedeRPAlS M (B frighfaat siffuiti (@) id Mtroduced into an
tenperature at the heat dissipator exit are nmeasured,

expanstl&ﬂ éha&'i%%‘? gl%d ) of BRSSpRhRr (60) §9 fHe PRo & sé HEexpatdion raﬁﬁ sure

rigeration cycle fromthese neasured

Pt (P AR RO PR BB on

escri I nvent i1 on f|n s utl

mﬁthﬁésfrlgeratlon appar atuses havi ng an expander. 34
PASSASEIVEY &Y What is clainmed is: 1. A refrigeration

apparatus conprising a refrigerant circuit (20), along
whi ch a conpressor (50), a heat dissipator, an
expander (60), and an_evaporator are connected, for

2. Theetefrigeratiog aRParalEof §iatliCOMPEy®Be by circul ating a
refrigerant in the refrigerant circuit (20), the

controflef mpaer(@0) fonadjngprrthe pestcunyfithe flay:raleapniapl vahyed@) enihat the
passageway (26) through which a portion of the

coeffidiaft oif gerfamtantt ofvihe gefrigemtiors cycle in the refrigerant circuit (20) reaches a

maximum value available in a current operating condition of the refrigeration apparatus.

3. The refrigeration apparatus of claim 2 wherein the controller means (90) is configured to
derive, based on an actually measured value indicative of an operating condition of the
refrigeration apparatus, a high pressure of the refrigeration cycle which maximizes the
coefficient of performance of the refrigeration cycle as a control target value and adjust the
position of the flow rate control valve (27) so that the derived high pressure of the
refrigeration cycle becomes the control target value.

4. The refrigeration apparatus of claim 2 wherein the controller means (990) is configured to

derive, based on a variation in the coefficient of performance of the refrigeration cycle



the expander (60) fromthe heat dissipater in the

refrigerant circuit (20) is introduced into an

expansi on chanmber (66) of the expander (60) in the

process of expansion; and (g a flow rate contro

val ve (27) for regulating the refrigerant flowrate in
occurrinigeylien] tee highrprespars s genairigeRipn cfele Thiacreesad qyaleerehssa, a high

apparatus of claim1 conprising: controller nmeans (90)
pressuf'lef tH@fdﬂﬁ%drﬁtg)d dyeleplich hRimized the cbdffivienadfpecfonharsle of the

valve (27) so that the coefficient of perfornance of

refmge&aﬁﬁm ?Elré 298 BhirQNap¥Cafud dhdldagust Bl rploglﬁbﬁ R¥ tHel fici#itdte control

eaches a maxXi mum val ue available in a current
t f
valve @EE b e SRRy B BE L AGRA0 BIIBRERR I cotrol
ntroller nmeans (90) is configured to derive, based
U%n actual |y neasured val ue indicative of an
operating condition of the refrigeration apparatus, a
hi gh pressure of the refrigeration cycle which
maxi m zes the coefficient of perfornance of the
5. Theotfriggeationiappareips (o ang ore IAMimS|2, 8 aget Wheirtle and
adjust the position of the flowrate control valve
(a) the(r2ff)gesmt tinatit @Apindbrdey & tyisybassagesan(28)dbr ednmecting upstream and
refrigeration cycle becones the control target val ue.
downsfrearhiRRiek of the@Rpaidep (602 ppds i piss obntall ahive 2 er egnlatihgthe
controller means (90) is configured to derive, based

refrlge%ht AoVatcBih tRObI s B@s@efair iz8)emtd of performance of
he refrigeration cycle 35 occurring when the high

(b) thog,g %ﬁ%ﬂéﬁg%s‘(ﬂﬁ is&{ﬂg@%ﬁb oY 6 lpBintaPy Lo R 3p&EHSK and an

Crease pressur of thée refrigeration cycle

aux1har% Fgrt&roqa 1a 1(2)1? i %F?oﬁr?e?foi" Wl c%r{fl? 85511‘?(9{ (gfotBErPBQfera& ohB8l valve

ri ger I on C e as contro tar get val ue an
1 Pl DL B 90 iy e
e e

3, and 4 wherein: (a) the refrigerant circuit

controj walvei (R haldap paestilly openagsiy whes theriyw pasn RG] H @We (27) enters
upstream and downstream sides of the expander

the fulindpeact ylatesdurogrihe plimagi acetroDeperdtion, thetrby aesuryng ﬂ@ primary
refrigerant flowrate in the bypass passageway (28);

controdBperftidn When thenlypadsiceritrstsabs (290ntérs thedfly glosedistato during the
performa primary control operation and an

auxiliary control operation.

target

6. The refrigeration apparatus of claim § wherein the controller means (90) is configured to
derive, based on an actually measured value indicative of an operating condition of the
refrigeration apparatus, a high pressure of the refrigeration cycle which maximizes the
coefficient of performance of the refrigeration cycle as a control target value and perform, as
the auxiliary control operation, an operation in which the position of the bypass control valve

(29) is adjusted so that the derived high pressure of the refrigeration cycle becomes the

control target value.




auxiliary control operation in the fornmer of which the
position of the flowrate control valve (27) is
adjusted with the bypass control valve (29) held in
the fully closed state and iggthe latter of which the
position of the bypass control valve (29) is adjusted
wth the flowrate control valve (27) held in the
fully opened state when the flow rate control valve
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becones the control target value. 36 7. The
refrigeration apparatus of claim5 wherein the
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refrigeration cycle as,a coptrol ,targgt val ue and
perform as the auiniary control operation, an
operation in which the position of the flowrate
control valve (27) is adjusted so that the derived
hi gh pressure of the refrigeration cycle becones the
control target value. 8. The refrigeration apparatus
of claim1l wherein the refrigerant circuit (20) is
charged with carbon dioxide as a refrigerant and the
hi gh pressure of the refrigeration cycle perfornmed in
the refrigerant circuit (20) is set equal to or above
the critical pressure of carbon dioxide.



