1 REFRI GERATI ON APPARATUS TECHNI CAL FI ELD [ 0001] The
present invention generally relates to the field of
refrigeration apparatuses. This invention is
concerned in particular with refrigeration apparatus
capabl e of perform ng operati'on with an opti num COP
(coefficient of performance). BACKGROUND ART [ 0002]
Ref ri gerati on apparatuses, having a refrigerant
REFRIGERATHON ARPARATUSI rcul ate refrigerant to
perform a vapor conpression refrigeration cycle as
di scl osed in JP-A-2003- 106609, have heretofore been
known in the conventional technol ogy. Sone of these
TEEHNIgABbFiBhDappar at uses are provided with a
refrigerant circuit in which a conpressor, condenser,
[0B&Jansi dhe\padsert ianchtmunapocratlp relaeetocthn diekt efttefrigeeation apparatuses.
openi ng of the expansion valve is controlled such
Thihahvegaonr &f cogerssdt ihopartignlar pritdet esfrigeretiond exgppamtusf capable of
superheat is drawn into the conpressor. This prevents
perfoemippesdioa wiflr anogEtam QP RIGoeffietnbyf peeformance).
conpressi on. PROBLEMS THAT THE | NVENTI ON | NTENDS TO
BSOKVERDIMNIBIART t he known refrigerati on apparat uses,
super heated, high-tenperature gas refrigerant is thus
[06024wWn | Mefrigdnaticnoappessisos, hawhigehre@ages @y carcvit senfigured to  circulate
di scharge tenperature and therefore a drop in the
refrigeragit ém pyriofm ahapooopnessgen réftigeaiion oydle as dsplosediin JP-A-2003-
situation for the refrigeration apparatuses in the
10669%t hofe héretofaref deni lamtwinfin phe fconvmtioral( €CA0log00Gpme of these
Normal |y, drawing of refrigerant in a wet state into a
refrigeptionsappacioess rapt pnaided aith aliréfrigerant eir¢wt ithavhich a compressor,
conpressor as far as it does not get damaged, but the _
corrensar, expansionsealysat evapesitgrare coonagtedw die @psiing oy the expansion
dried refrigerant for safety reasons. [0005] After
vainekis rgnirelesiasuch gbatqgas réfsigeranb hisong hippe aead degeee of superheat is
dryness fraction (wet state) of refrigerant drawn
drawin dnta thorepmpseseor. aftist prevantefifei eirepressof fipoy geftinademaged by wet
the inventors have found the dryness fraction (wet
coptpaessionof refrigerant that makes the coefficient of
per formance opti num Accordingly, a primary object of

PROBLEMSAKHARY THEHNVENTION INTENDS TO SOLVE

[0003] In the known refrigeration apparatuses, superheated, high-temperature gas
refrigerant is thus drawn into the compressor, which causes a rise in discharge temperature
and therefore a drop in the efficiency of the compressor. This is not an optimum situation
for the refrigeration apparatuses in the light of the coefficient of performance (COP).

[0004] Normally, drawing of refrigerant in a wet state into a compressor does not make
any difference to the compressor as far as it does not get damaged, but the known
compressors are designed to draw excessively dried refrigerant for safety reasons.

[0005] After making researches on the relationship between the dryness fraction (wet
state) of refrigerant drawn into a compressor and the coefficient of performance, the

inventors have found the dryness fraction (wet state) of refrigerant that makes the

coefficient of performance optimum. Accordingly, a primary object of the invention is to



enabl e draw ng of refrigerant in a proper wet state
into a conpressor, which wet state provides the
maxi mum or substantially maxi num coefficient of
performance, so that energy avi ng operation is
real i zed. DI SCLOSURE OF THE | MVENTI ON [ 0006] The
present invention provides the follow ng aspects.
[ 0007] The present invention provides, as a first
erabjsediawizg oéfrefrigerant imn popear wet statec dniprai somressor, which wet state
refrigerant circuit (20) for performng a
powides thermadiimmmeogredubstatiadly roaxigwint coeffivgéni e pedormance, so that energy
conpressor (31). This apparatus is configured such
savhngtopesftiongercahized n a wet state, which provides an
opti mum coefficient of performance (COP) for a present
DR ELOSURE OF BHE INBENTION i nto t he conpressor (31).
[0008] In the apparatus constructed according to the
(0006t aBsauesent maentifiyprgeidenthe following aspestst o perform a
vapor conpression refrigeration cycle in the
[008T) i geTlntpresentc irveni@0 )providesd asas firbtl aspectataedefrigeration apparatus
Figs. 3, 4, the high pressure and | ow pressure of the
canegfrisinge p aefrigerand yatcait 20k foopprfossngm efffigorbercgyde which circuit
~the conpressor (31) and others, for instance, are set
ingkideso pepnpresgorc Gl t This sippamtugiie conbpeed sicly that acfeigenadt in a wet
the dryness fraction (wet state) of the refrigerant
stalhy w:hicg ipoeMidessant dpginopn icaefificicoedf perfosmanest (GS&R)ffor aprasent operating
(COP) for each operating state is set. Since the
statefis depoymaimto thawomgrasker (8B dryness fraction is drawn
into the conpressor (31), the refrigeration apparatus
[0@08] pefr dhenappanatusi emsiwirethd taseonding ta dbe ffirsti espect, othe refrigerant
performance w thout fail. [0009] The present invention
cippuiaiesde perfasma wponeemprspeen refageration gwlain tha refrigerant circuit (20).
apparatus conmprising the refrigerant circuit (20) for _ )
Apgrasoﬂlwm@e@ ip &Figs Jerdathohigbypressuishiac law peessure of the refrigeration
i ncl udes the conpressor LSl). This apparatus is
cyelon thegromaressipretiipigney plthe spmpepssar(81) andeothergplor instaneel are set as
state is drawn into the conpressor (31) during a
oResingrrpnd fiomatipo avery dpertitg state apdfthe domasn fragiioa st state) of the
state is drawn into the conpressor (31) during a
refiigeranigwhishr pravisies  thedeptinom opeffipienh of apstorapnes (COP) for each
constructed according to the second aspect, the _
oneeqtingFEataintset. ci Tines the sefrigerapdiavithe st dpoiest Baghiasgs depyn into the
refrigeration cycle in the refrigerant circuit (20). 3 )
compressor (31), the refrigeration apparatus will perform operation with the best coefficient

of performance without fail.

{0009] The present invention provides, as a second aspect, a refrigeration apparatus
comprising the refrigerant circuit (20) for performing a refrigeration cycle which circuit
includes the compressor (31). This apparatus is configured such that the refrigerant in a
superheated state is. drawn into the compressor (31) during a cooling operation mode and
the refrigerant in a wet state is drawn into the compressor (31) during a heating operation
mode.

[0010] In the apparatus constructed according to the second aspect, the refrigerant

circulates to perform a vapor compression refrigeration cycle in the refrigerant circuit (20).



At | east when operating in a normal heating operation
node, the refrigerant in a wet state, i.e., having a
dryness fraction of less than 1.00 is constantly drawn
into the conpressor (31). Therefore, the coefficient
of performance (COP) rerrarkabI%\/ I ncreases conpared to
the case where superheated refrigerant having a
dryness fraction of 1.00 or nore is drawn, as seen
Af Teash wiem opesatinig infa mirmal hedting opecation inmode] ge. reffjgedant Ag a wet state,
aresult, the refrigeration apparatus can perform
L.ertevgye sdyhery faptomdf less thew il 100es castantly dsawn mie tarcotnpressor (31).
achi eved by drawing the refrigerant into the
Tlrpefore seoroeffBddnt of perfomiance éCQR) renzarkabdy tricecasgst dompared to the case
dryness fraction that is varied according to
wire sapdrheptat atfegerant kayirtgoa grymessofradtioe afelx@Gronmore is drawn, as seen
coefficient of performance. [0011] The invention
frgmabie desslt ofisimulation shevspacFigs.a3,rdef rAge rastltothe apfvigeration apparatus
conprising the refrigerant circuit (20) for
capqrerform angrgy sagingi aperagionon Furtldreenetgyciavimigraanibe achieved by drawing
i ncludes the conpressor (31). The above apparatus is
the oeffiggrantidtosthe lsompedssax (Bhk thetreftigsvinbhgeng thempéinamu deyness fraction
for the conpressor (31) is set so as to obtain the
thaipisi vemed csediding tnoparitingpstates speasde NroGRy the magimum coefficient of
present operating state and the refrigerant in a wet
pesfoamaenceahi ch  nakes the di scharge tenperature of the
conpressor (31) equal to the target discharge .
[Op&hiper akherigyentmncpravides, s thind aspeqgts @ sefoigeraBe) appayaiug jcomprising
In the apparatus constructed according to the third
thagpfigerant higcuit{20) fer perfornung aulefigssation qyshe whithecisgapdncludes the
conpression refrigeration cycle in the refrigerant
capppresspr (BRD) . The atwivgeapparatushas qponfigunsdr suchr that oa target discharge
conpressor (31) that provides the opti num coefficient
temperstire dorrdlne eompresear Gdyds deinge s ta @itaiarths exptipfum coefficient of
operating conditions which include the high pressure )
PeaipgmBaRgg sfor @ presanh eperafing g@tatndheayphigsrant e a wet state, which
conpression efficiency of the conpressor (31), etc. .
mpkasethe pdisthargsatenyperatingcef theecetnprehsar 81} eapariat theetargst discharge
the conpressor (31) drops with decreases in the
tegipgrats, 16 deaotr igte b comprasedri@ber ant and rises with
increases in the dryness fraction of the refrigerant, )
[0Ph3] di sbhihgyeppaaeremsirectet acemdingotepfhes §urd @spept,j the refrigerant
determined in accordance with the dryness fraction of
circtatesdp rhetferm it vapoh eenpisssien wdtigerptigzpeyclg inrflje refrigerant circuit (20).
conditions. It is understood fromthis that as shown _
Aj frgat gdiscierge dempayetus \ipredke foompresser (3Bt that apreyidgs the optimum
the refrigerant that provides the optinum coefficient . .
cogffigent of performance is set according to a given set of operating conditions which

include the high pressure and low pressure of the refrigeration cycle, the compression
efficiency of the compressor (31), etc. More specifically, since the discharge temperature
of the compressor (31) drops with decreases in the dryness fraction of the refrigerant and
rises with increases in the dryness fraction of the refrigerant, the discharge temperature of
the compressor (31) is determined in accordance with the dryness fraction of the refrigerant
under each set of operating conditions. It is understood from this that as shown in Figs. 3,

4, the dryness fraction (wet state) of the refrigerant that provides the optimum coefficient of



performance is determned for each set of operating
conditions and the target discharge tenperature for
the conpressor (31) that corresponds to this dryness
fraction of the refrigerant is set. Therefore,
operation can be perforned wi h the opti mum
coefficient of performance without fail by draw ng,
into the conpressor (31), the refrigerant having a
petfoymness isrdetdrimned Foateaohlsess of bperdiisg batidjdonseank thet target discharge
of the conpressor (31) equal to a target discharge
tetmpoafaanratfor ghe [dRibBssdm (3Nethap parraiponds tacthor diymgsst draction of the
the first to third aspects, since the refrigerant in a
refviderait & eti sThierafvne,iopermativhean bopessamed ¢8h)the dpttmum coefficient of
di scharge tenperature of the conpressor (31) nore
pesfogniddecaithdwyt fildps drasang aintd tHeocdniyressas €3 Whdreerefrigerant having a
refrigerant in a superheated state is drawn.
driiss dfastien tixbnoslealthé dacharge eémpdretunod H theodorbpressor (31) equal to a
conpressor (31) can be avoided and deterioration of
tatghedisefargegemptriatge.nachi ne fl uid due to high
tenperature can be restrained. This |eads to an
[0DhE]r eade theappamtuses badording Yo thE firsteo tdompaspednsincd e refrigerant in a
[0014] The invention provides, as a fourth aspect, the
weteftate ge dewrnomt@ gpacanprsssac (3 dihegdischargentgmpamtwt of ikke compressor
first to third aspects, wherein the refrigerant
(3t) morx sigifiodntlysdrppn ebohparedito bhe case ehprsirtgeranlitv @ superheated state
(23). This apparatus is configured such that the wet
is dtestre  Ofhesefores thrommal ledfating of thetmatbr ofihe compressydd1) @b)be avoided
is controlled by adjusting the opening of the
andx petagomation ] the (dByerafiQ M5ichine flnil dppaoabigh temperature can be
constructed according to the fourth aspect, when
restrinatias iThig ehds towetimesasefin thetreldabiloty of e emypressar (31).
refrigerant of the conpressor (31), that is, when
[08&4)r easThegnverttiengryvidess af a dotrthoasposdt, thiaecfsigetation apparatus according
refrigerant, the opening of the expansion valve (23)
toiagy onp of dlacs Bt tchthirdaspeats; vdeeséin ghet tedrigerantreircoit (20) is provided with
refrigerant to be supplied to the evaporator. This
an expeensesalvh €23Hno This apparabfsris genfagredbtichithatathe otet blate of a suction
evaporated by the evaporator so that refrigerant in a ]
refiegerant of tlag eornpreskoa\iAl )i intcontrdléedclynpdjusiogr the peningef itheexpansion
ot her hand, when decreasing the wetness fraction of
valvee(28hcti on refrigerant of the conpressor (31), that
IS, when increasing the dryness fraction of the _ _
[081&lt i orinrtld apngeatenconsirheied penordigg &f theHeurtle asneak when increasing the
val ve (23) is reduced thereby reducing the anount of )
wetaéssi fipstianof the etion pefiigerdnt of the isempreapar(@1 b that Thivehen decreasing
reduces the amount of refrigerant which cannot be )
the dayesafrectidnyof the fmction refrigerant, the opening of the expansion valve {23) is

increased thereby increasing the amount of refrigerant to be supplied to the evaporator.
This increases the amount of refrigerant which cannot be evaporated by the evaporator so
that refrigerant in a wetter state is drawn into the compressor (31). On the other hand,
when decreasing the wetness fraction of the suction refrigerant of the compressor (31), that
is, when increasing the dryness fraction of the suction refrigerant, the opening of the
expansion valve (23) is reduced thereby reducing the amount of refrigerant to be supplied to

the evaporator. This reduces the amount of refrigerant which cannot be evaporated by the



evaporator so that refrigerant in a |less wet state is
drawn into the conpressor (31). Accordingly, the
dryness fraction of the refrigerant which provides the
maxi mum coefficient of performance is set according
to operating conditions and t Re openi ng of the
expansi on valve (23) is adjusted according to the set
dryness fraction, whereby energy saving operation

evaporator psoo hat asfridecanteini Aussscwef fsiatd entdroin el tienvompressor (31).
corresponding to each set of operating conditions can

Abwerdieglyorihe ddryhé 1 Ghctidie dfnientréfbigeqanowidels, prasidas the maximum
fifth aspect, the refrigeration apparatus according to

coaffician @f peribhearfce ris tettaecérdingdtoageenting, contigioas and e opening of the
refrigerant circuit (20) has a gas-liquid separator

expangiondivslve s@a) hehdjasind exvepdingt r the( 2P drijvkks dradtidthewhereby energy
suction side of the conpressor (31). In addition, the

sagmg-dpeerptiod vadgap@iales (iEmatinmuimi de=ticeht afipecfoimametcommsponding to
pi pe (26) having a flow rate control valve (27), for

caghi setiof @perating dorrdifisrisgan dapefforomad he gas-1i qui d
separator (25) to the suction side of the conpressor

[00Bd]) . TFhesnegnpian prargddssad alfifthaspecniid @it getatRmcippatahitaccording to
the wet state of the suction refrigerant of the

anyoone eStherfirsBfo) thisl aspet¢ts,oWhadinbtheadfrigetann girctih€20)l loay a gas-liquid
rate control valve (27). [0017] In the apparatus

sepams (2Htdegpoamtibtaeergetapotabs (2%, 2H) asbthe syctisneside of the compressor
increasing the wetness fraction of the suction

(31 ef ringddaion, e gabdiquidsepaamo (25)3igludesra liqued anjeajontpgipe (26) having
is, when reducing the dryness fraction of the suction

a flewrnageccntro] velve (2P fiomgridingtlivmid refnigeranteframrthe @as-liquid separator
val ve (27) is increased thereby increasing the flow

(2Bptoethofsuttiven side)of thercefnpireparafdil ).t olue appaxsims is further bnfigured such
conpressor (31). On the other hand, when reducing the

thetethe &t sthreadtthe suctibn tréfeigermucof the comprasspe(Ahtis obntrdlked by adjusting
conpressor (31), that is, when increasing the dryness

thé flastratercoofrol vahee @It i on refrigerant, the openi ng of
the flow rate control valve (27) is reduced thereby

[0PEHuci My thdapraravs catstruaéd a¢verding to therfifthr aspectawhen mndpeasing  the
drawn into the conpressor (31). Accordingly, the

wetngssdestibn af theauctidn tefiegaraftraf gy comvpressoc (31 fovinstence, Het is, when
maxi mum coefficient of performance is set according

reflucing thealrymays Gootion oOihe sactibnt tefigepanti thg opéning ef thiel floww rate control
rate control valve (27) is adjusted according to the

vadet (24) isnessafeddberelnincniasing e fleweatgyof shevliquid opfegeranioie be drawn
whi ch provi des the nmaxi mum coefficient of perfornance

intpothe eoppnessory(31p Qi thesetherdfandpwhen redycingndhe iwstresg faction of the
be perforned. 6

suctionp refrigerant of the compressor (31), that is, when increasing the dryness fraction of

the suction refrigerant, the opening of the flow rate control valve (27} is reduced thereby
reducing the flow rate of the liquid refrigerant to be drawn into the compressor (31).
Accordingly, the dryness fraction of the refrigerant which provides the maximum
coefficient of performance is set according to operating conditions and the opening of the
flow rate control valve (27) is adjusted according to the set dryness fraction, whereby
energy saving operation which provides the maximum coefficient of performance

corresponding to each set of operating conditions can be performed.



[0018] The invention provides, as a sixth aspect, the
refrigeration apparatus according to any one of the
first to third aspects, wherein the refrigerant
circuit (20) has an expander (33) nechanically
connected to the conpressor (§1) t hrough a notor (32)
of the conpressor (31). The refrigerant circuit (20)
i ncl udes a bypass pipe (44) through which a part of

[0018] r &fhel igesmivh provides)@s bGitthasgxcnahe esfrig&3fion bppusatus according
bypassi ng the expander (33), and a flow rate control

to\ad \oe (OF e Arsovo thivd dspedtd) aviivyginske pefipgerfmtAlircuitl{28) has an expander
apparatus is configured such that the wet state of

(38hmechimmidalin comiactedao and comipredser (apresging mp&it)(32)sof the compressor
controlled by adjusting the flow rate control valve

(31%5)The[ refiide}ant rirthie (20) pacladessa bypass pipet(dd) themphdivingh tagpart of the
the sixth aspect, when increasing the wetness

refrigeednit Glowirig fohtke sxsanden(38 e flowgdrypassigf the kepadep(383.smd a flow rate
(31) for instance, that is, when reducing the dryness

cohtractdlen(4sh prdvidesilia tthobypass pipg ¢4Hnt Thisheppaptniisigomigured such that
the flowrate control valve (45) is increased, that

the svet tthe afitheimictioh refeifgerapeobihe colmprestdrofdd) istopptrsBediy adjusting the
the expander (33) is increased, thereby increasing

flavh eat@oantridl velive K48)r i ger ant supplied to the evaporator.
Ther eby, the anopunt of refrigerant that cannot be

[081Ripor dhebe byparites emspoctad accdrdingaashs sisth asphett when increasing the
refrigerant in a wetter state is drawn into the

wetoess festion of Bik)suctiom tefibgevariex tieactapresshe(d 1) doluiostagee Het is, when
wet ness fraction of the suction refrigerant of the

redwning thesiyngss fpctidrhaf the suctiontrefrigerant,ehs bpening ef theyfloas smte control
fraction of the suction refrigerant, the opening of

valtee(45) svincrassed, thantsy the awmhueof #E)gerant tlead flosd, byprating the expander
the amount of refrigerant that flows, bypassing the

(33x maindeensed3 Heréty mectasieg the mepeityofrrefligerang stp@icdrtouthe evaporator.
of refrigerant supplied to the evaporator. Thereby,

Themebyatheuamouaf of weffin gayantahdt chtvant beawapdrated bethe ovapordioropcreases so
the evaporator decreases so that refrigerant in a

thitesfrigeeant shat weiter slatavim draww inthéhe ooppresswr(3181)0n the other hand,
Accordingly, the dryness fraction of the refrigerant

wheini retilu@ngthedesnesh dragaon ofte sed@infriefrigerant of theermpreseerd@l), that is,
is set according to operating conditions and the

wigeiniregsing thehdryndss diection ef thersuetiin refiigesant Athy opsning of the flow rate
adj usted according to the set dryness fraction,

contrel vilye (¢9)eisgydisadi thgt tp eheasmomntvidi refrigerany ithid Sflawse bypassing the
maxi mum coef fici ent of performance corresponding to

expander S@8) of reuesedt thegsbyoreducing nthe camoung qfercfiogerant. supplied to the
[0020] In the above apparatus, the energy generated

evaperatorheThartby, ther amount of wefpgarentdhat cannot be evaporated by the evaporator

decreases so that refrigerant in a less wet state is drawn into the compressor (31).
Accordingly, the dryness fraction of the refrigerant which provides the maximum
coefficient of performance is set according to operating conditions and the opening of the
flow rate control valve (45) is adjusted according to the set dryness fraction, whereby
energy saving operation which provides the maximum coefficient of performance
corresponding to each set of operating conditions can be performed.

[0020] In the above apparatus, the energy generated when the refrigerant is expanded



by the expander (33) is converted into a rotating
force which is in turn recovered as the power of the
conpressor (31) through the nmotor (32). Generally, the
conpressor (31) and the expander (33) used herein are
of the positive displacenent t7ype and therefore the
bal ance between the conpressor (31) and the expander
(33) interns of the flowrate of the refrigerant

byf thevéxpandangB3) 18 doRverdsl infdva ngtatie farck avhicln $s imturi@ecovered as the
operating conditions. Even in such a case, the flow

povat ©$ thef confi@edsef (31yeirangh fheanbtBy(I2N. t Gencallyp tiessdmipressor (31) and
(31) and in the expander (33) can be rebal anced by

tht kepahiky €38)cassd hadint aehof ditepoditivdhdizblatfireramypatandf therefore the
refrigerant sent to the expander (33) is controlled by

babhicel btiwegn tiecoapanisog (31) ahd ehd EHxpandaat(83) inaatniodf thalfleer rate of the
(27) provided that the dryness fraction of the

refrigferdang €ibaiig themim is lostaowing to earigiions sothe(dptjating conditions. Even in
opti mum This enabl es higher-efficiency operation.

sut® @2dakse, Tthe flow emks of the esftigaant flswmgsmvihntdongsemot (31) and in the
the refrigeration apparatus according to any one of

explglel (3Dtcah betrbbdlahoad pyahs abmveadestribddhtechniduel igevlsioh the amount of
circuit (20) is configured such that the high

refiigesmtisentad thehexpaaderi A2y Rtcontmoligdchyeadjsstinigghe operiag of the flow rate
critical pressure of the refrigerant. [0022] In the

coapphwalve 2Cp pedvidit et alie drydiesy) fitactidrh ef Sk eefrigemspdctwn into the
the conpressor (31) conpresses the refrigerant to a

coppeessbr @d) Iseoptimund. pFlds snabdestii gheerefidiencytdperationt i cal
pressure of the refrigerant. This neans that the

[062Kchar Jier efventimr pnovidés, tdse acsavpnths sspect, (1B ) refisgaraticm  apparatus
supercritical state. Thereby, even if the refrigerant

accordmgnet ast ahe of shel fiastrtoithird aspéuts, oxdrepeie sbo reffigdtant niscuit (20) is
liquid refrigerant exists at |east in the discharge

configtied suelo thah dlie high pressureadf] thel réfrigeiatior opgle és bighar than the critical
be avoided without fail. [0023] The invention

prpssord afdbe redisgaxantei ght h aspect, the refrigeration
apparatus according to the seventh aspect, wherein

[00B2 r eflnitherppdraivs coastbmteddaawideg t¢ G2 4dveiitheaspect, the compressor
apparatus constructed according to the eighth aspect

(31 cemptdssesoths o frigerant be casseifiddelevelf of gmassme higher ahivothe critical
di oxi de (CO2). ADVANTAGEQUS EFFECTS OF THE | NVENTI ON

prEBOR5HT theaefrigenantt oThisengans shatathp eltscharfze trbii gerane of it compressor
since refrigerant in a wet state is drawn into the

(3tpispnessipercfiBdi! stathe Twedtlyi eveanif thef refrigerant nmaceet $@EP)E drawn into
can be inproved, 8

the compressor (31), no liquid refrigerant exists at least in the discharge section so that the

so-called liquid compression can be avoided without fail.

[0023] The invention provides, as an eighth aspect, the refrigeration apparatus
according to the seventh aspect, wherein the refrigerant is carbon dioxide.

[0024] The apparatus constructed according to the eighth aspect is earth-conscious,
because the refrigerant is carbon dioxide (CO.).

ADVANTAGEOUS EFFECTS OF THE INVENTION

[0025] According to the first aspect of the invention, since refrigerant in a wet state is

drawn into the compressor (31), the coefficient of performance (COP) can be improved,



conpared to the case where refrigerant in a
superheated state is drawn. Further, the maxi num
energy saving can be attained in the operation by
bringing the suction refrigerant of the conpressor
(31) into a wet state that pré&vides the maxi num
coefficient of performance. In addition, since
refrigerant in a wet state is drawn into the
compapade 85 tie c4s81yvhemeofefidgdrynttinea duperhedtgd stagamie dadverr. € Further, the
of the conpressor (31) can be |owered but also
maleguadaidrpnsaving ¢ Heedttaingd nmthengpermohi yebringingithe Budtiom refrigerant
conpressor (31) due to high tenperature can be
ofr 8t campredsor c(Apained at ovet hetate athet \pievidesr dfer nypxirmmin coefficient of
a superheated state is drawn. |In consequence, the
perfelmaduiel | Ty additibhesiagp sefaerantcimna lveet istae v dchwn| DO @je compressor
According to the second aspect of the invention, since
(Bipfmwot galyathe dischargeettmptmatiee of shel campressur @31)hean be lowered but also
conpressor (31) during the heating operation node, at
delgemaistioh et theg refripenating anachdme Wigheinf dremedmpiessort (3d) due to high
opti mum coefficient of performance. According to the
tempemtiraspeld resfrainédy comperetlitothe cisesdereakfrigpeana i a supesheated state
wet state is drawn into the conpressor (31) such that
is titeevndi dulbemsgeudrenpbe atliabdity bf theapparius ess be infBdyed.
beconmes equal to a predeterm ned tenperature that
[0p2@vi defsceohbngpt theserandeadspéat iof the infergmmf sinp@rafiegertuitan a wet state
refrigeration apparatus can performoperation with the
is ajpgwmnintoc thef ¢anapressbr ¢31)pduring flenbeatingi ¢pvoationf miotle, at least heating
Further, since the wet state of the refrigerant nay be
opertionalah édt Eecfoomed rgtht the dptienwin sottficipet vEppdormtance oAccording to
the conpressor (31), the coefficient of performnce of
the Hbird rasbedtgef shd drventioh.esinamn rbfrigemst liy xovetr hteed. drawn into the
[0027] According to the fourth to sixth aspects of the
compressoi (i) swihntbet thh dlisshbarge tanperatiire aftthe sompiessor (31) becomes equal
refrigerant of the conpressor (31) is controlled by
to adpradetemgned empeeatimegdatoprovides thexertingum rcogficieat P pyprformance, the
and the flow rate control valves (27, 45), the
refrigeratiperappanaius app aefous operatiopwithcherrpipmnat dosflicnt lof performance
t he maxi num coefficient of performance over a w de
withowgdaibf Fuiber, sirica ghewadstate of shemrefigarantraay bdgontesiled geording to
a dryness fraction of the refrigerant that provides
the ldéscﬁpg'c rrempereis iof itk romprepear (@1 hthe soelfictsntiiof gerformance of the
operating conditions. [0028] According to the sixth
refggeationsiclelvan bagaslyicontrodaden i f t he bal ance bet ween
the anount of refrigerant flowing in the expander
[0028) arfsccphing troingtfowtth tesixihgespasts of theninmention, sinpe the wet state of
conpressor (31) is |ost because of variations in the
the peatignirafyigerant pf thereempre¢seors@dlistcoptrolded by adjusting the openings of the

expansion valve (23) and the flow rate control valves (27, 45), the refrigeration apparatus
can perform operation with the maximum coefficient of performance over a wide range of
operating conditions without fail by setting a dryness fraction of the refrigerant that
provides the optimum coefficient of performance according to operating conditions.

[0028] According to the sixth aspect of the invention, even if the balance between the
amount of refrigerant flowing in the expander (33) and the amount of refrigerant flowing in

the compressor (31) is lost because of vartations in the operating conditions, the amount of



refrigerant supplied to the expander (33) can be
controlled by adjusting the opening of the flowrate
control valve (45) provided that the suction
refrigerant of the conpressor (31) has an optinmm
dryness fraction, so that the%anounts of refri ger ant
in the expander (33) and in the conpressor (31) can
be rebal anced. This leads to a further inprovenent in
refrigerane shppdicdrnoyhe £4008¢r (38 cardbacoritm et dyseyating the opening of the
aspect of the invention, since the refrigerant circuit
flgv2 B3te icontead il vgU(AEDproeided thad tha suca o esfriperantodd] the yarhpressor (31) has
whi ch the high pressure of the refrigeration cycle is
arhopgineum tdimatesd frectiomi, 5o dal ther ascumteofodkfigeeant éd thegexpamder (33) and in
the discharge refrigerant of the conpressor (31)
the aroagpressdo (3l)scpebheabddncktiat &hsi tdadsitio faaifiirther improvement in the
Accordi ngly, when refrigerant in a wet state is drawn
efficiencyt he conpressor (31), the refrigerant in the
di scharging section of the conpressor (31) is already
[0D29]a subheohiiag ¢al tist stventhaaspedther the anegntibn,gsinck the refrigerant circuit
conpression can be prevented fromoccurring in the
(20pnpresfgured 34 ) performha wupéraritical | eyckzons edueindles, hggh pressure of the
hi ghl y-rel i abl e apparatus can be achi eved. [0030]
refigeoatainngydo ig higher ghdrh thes peiical gfresshee o vlentéfogerast, rtbe discharge
carbon dioxide is used as the refrigerant, an
refrggetdnt c ofisthe ousmpssra{3ly camebeints ha emegdrheBROEBtate without fail.
DESCRI PTION OF THE DRAWNGS [0031] Fig. 1 is a
Acwidinglyy avitencraficgarantdinagr wat whteclis sheowws isto the compressor (31), the
refrigeration apparatus according to a first
refrigeoatit ethe dofcharigeng sevtdort dofcthe céinpressdri(3l )as Motadiyan a superheated state
di agr am whi ch shows the behavior of refrigerant in a
andgherefpre.aiduid compressionlgan hg peevientztifrm oparang om theowepressor (31)
Fig. 3is a sinmulation data table which shows the
witkdud fdibndhicpnizgtiewsena higblydrelinbls eppdratas carobe asthigvied.
refrigerant and the coefficient of performance during
(003 heatdonyling by theiedghth aspbet ofhg inventign,simdernattami dipxide is used as
data graph whi ch shows the relationship between the
thelrgfrigerent, fin eartli-oonsolous hpparathis ¢aydrecachicaed t he
coefficient of performance during the heating
BRPEF RESCRIBBORN GINTHIODRAWINGS

[0031]

Fig. 1 is a refrigerant circuit diagram which shows a refrigeration apparatus
according to a first embodiment of the invention;

Fig. 2 is a Mollier diagram which shows the behavior of refrigerant in a refrigerant
circuit during a heating operation mode;

Fig. 3 is a simulation data table which shows the relationship between the dryness
fraction of the refrigerant and the coefficient of performance during the heating operation
mode;

Fig. 4 is a simulation data graph which shows the relationship between the dryness
fraction of the refrigerant and the coefficient of performance during the heating operation

mode; and



Fig. 5is arefrigerant circuit diagramwhich shows a
refrigeration apparatus according to a second
enbodi nent of the invention. BEST EMBODI MENT MODE FOR
CARRYI NG QUT THE | NVENTION [0032] In the follow ng,
preferred embodi ments of the Wesent invention are
described in detail wth reference to the acconpani ed
drawi ngs. FI RST EMBODI MENT [ 0033] An air conditioner
(10) Figcorgi agefrizetdne didcuistdiggramdwiliohl sliowns i fefiti ggatidie apparatus
refrigeration apparatus of the invention. As

actdrdiigtto atsecbndrentbogdlimént of e iavéntioandi ti oner (10) is of
the so-called separate type and includes an outdoor

BEST EMBODIMENIMODE ®OR GARRYING OBIUFHE INVENTION
outdoor unit (11) are a conpressor (31), a four way

[0832]t ch Watheefollawing, preferead: avtarditedt of Hehaagat inf@djon @a described
expansi on valve (23) and a gas-liquid separator (25).

in detafiedthi refdérbmeel to doodccompiniéd dgawisgsan | ndoor heat
exchanger (22). The outdoor unit (11) is installed

FIRSTOEMBOBIRIENT t he i ndoor unit (12) is installed
i ndoors. The outdoor unit (11) is connected to the

[0D3B]oor Ani dir (cbAditiohérn (B0) padcordodg ittthe Uirst embpéimene constitutes the
(13, 14). [0034] The air conditioner (10) includes a

refrigferatigarappdratuis rof the inf@@jon. The itledtratgleindtig. 1,¢he ainiconditioner (10) is
(20) is constructed in the formof a closed circuit to

ofithe cb-callab sgpaess oype( &) inclukles an padaloor hedt(1 Bxatdamng érdoor unit (12).
(22) and others are connected. The refrigerant circuit

H¢ua6J in shef ohtdedt unit (1) e b @onghrasxord@@1§,CORjur seay swigchasalve (21), an
refrigerant and configured to circulate the

outdxfor i lgat @rnthanpdére (2 ap expaisidnn galae (@pp and anpaselqiid rseparator (25).
refrigeration cycle. [0035] The conpressor (31) is

Halrskd éntHeyindoorotndtr (12 B &) amiadbarheanbiohangar(2Z) e dhelvaidetoo unit (11) is
and constituted, for instance, by a scroll conpressor

ingthlledhentBenrsethiersas Hiegindporassufld) danstalled/mdoorshi $he outdoor unit (11)
conpressor (31) is designed to conpress the

1s refnecigd tatite indoo upitdsZ)uwich b paie bf intergie pipehaes (A Bel4).
critical pressure of the refrigerant. Specifically, in

[0034 r eThd gier amiditeinec {14} incREps at hefripérght pirass (20). ofThe refrigerant
t he vapor conpression refrigeration cycle becones

cilgiig {20) tshansttivged or fheifoah of rredssedecimhitdardoch dicoripdessor (31), the
The outdoor heat exchanger (24) and the indoor heat

indoar haagexcha®Ry (22)endatthers erestannetted  Blhearefrigeramaircuib €20) is filled
heat exchanger of the cross fin type. |In the outdoor

witthe atarteyoc iongds  (C24) | setieg hasarefdgerahie anéf edndignendt to circulate  the
circulating in the refrigerant 11

refrigerant, thereby performing a vapor compression refrigeration cycle.

[0035] The compressor (31) is driven by a motor (32) mechanically connected thereto
and constituted, for instance, by a scroll compressor of the hermetic, high pressure dome
type. This compressor (31) is designed to compress the refrigerant to a pressure level
higher than the critical pressure of the refrigerant. Specifically, in the refrigerant circuit
(20), the high pressure of the vapor compression refrigeration cycle becomes higher than the
critical pressure of carbon dioxide. The outdoor heat exchanger (24) and the indoor heat
exchanger (22) are both constituted by a fin and tube heat exchanger of the cross fin type.

In the outdoor heat exchanger (24), the heat of the refrigerant circulating in the refrigerant



circuit (20) is exchanged wth the heat of outdoor
air. In the indoor heat exchanger (22), the heat of
the refrigerant circulating in the refrigerant circuit
(20) is exchanged with the h 'Ft of indoor air. [0036]
The four way switch valve (21)'has four ports. In the
four way switch valve (21), the first port is
connected to a discharge pipe (3a) of the conpressor

cifcBit (20X sexskagad withothe liest ¢foowdswrcin onn thepmdo&bheabexchanger (22),
the conpressor (31) through the gas-1liquid separator

th¢ 263t; of thherefrigerant poedlatirg tnothemefrggechnt eirtine (20)tid @@changed with the
heat exchanger (24); and the fourth port is to one

heaghof inflogrteer. i ndoor heat exchanger (22) through the
interunit pipeline (13). The other end of the indoor

[0R3Glt exdieafogeway 2Hjitch sraben@é) hedfouo potte oinhthe fewdway switch valve
t he outdoor heat exchanger (24) through the interunit

(2p), plad firse ppr4y camdctetl do exipwhaigo pipeal3ag of 2@8)conifmesséofdl); the second
way switch valve (21) is switchable between a first

past @tte a hvatiompipevidb) bfithe commpresspcédl ) throbglt theegasdliquid separator (25);
first port and the third port and fluid comruni cation

thp gtinkpant isite cnecod of fwrsutdora hetteexthangeh (24p.0artd the fleurthepat is to one
as indicated by broken line in Fig. 1) and a second

endtcdittlee indaor ladat exehafgani(22) through theciatarant pipehivee(d 3). helhe other end of
first port and the fourth port and fluid comuni cation

thp endeoe heattechangen(?d) poeannastad tchthetdthar ng of the owfdoardieat exchanger
as indicated by solid linein Fig. 1). [00%& The .

(2Axthroughrthe interunit pigelin® (h4) iand dwi axphrdidrevalve n Fhe four way switch
cool i ng operation node and a heating operation node

valxe @Y 1cswitahablef betwernt & frdp ptatchhat allowshByidssemmgnigatiopebetween the
(21). Specifically, when the four way switch val ve

firgopart ardsthodlaind peiit et Buideomrenicatimnd etwetinghe sefongport and the fourth
broken line in Fig. 1, the refrigerant circuit (20 _

past (thelsateess indigatedihyi brekemiing an d4g.t 1D ange? segomd cbase ithaj allows fluid
operation in which the refrigerant dissipates heat in

conypug catipndretwesat the ixs parigad the fourthmerieand bid cemmuniqatien between
i ndoor heat exchanger (22). Wen the four way swtch

thg agopad portt pné e thisd posiheshteds insliedted by salid lingdn&ig.dd by
solid line in Fig. 1, the. re.frigerant circuit (20) .

[0837lcul akhesefrigsrangtirtujet2Mis svitchgbledeprgcnor ¢poliag vpergtion mode and
operation in which the refrigerant dissipates heat in

a hhingneRsHicTeaOdedoh aNgeting 2FcuNad dvaisr RUBSVaSWHRD Valve (21).
out door heat exchanger (24). That is, during the o

Spesdicely whirer the ifowr Wwadawitethealve ldrhap bgen switehiedigdhe state indicated
(22) serves as an evaporator whereas the outdoor heat

byeketkgndere mhig. ds the nefigeragt surwht(20). cirkilatay then gefrigerant so as to
heati ng operati on node, the outdoor heat exchanger

pegfony exlipgsongsation in which the refrigerant dissipates heat in the outdoor heat

exchanger (24) and evaporates in the indoor heat exchanger (22). When the four way
switch valve (21) has been switched to the state indicated by solid line in Fig. 1, the
refrigerant circuit {20) circulates the refrigerant so as to perform heating operation in which
the refrigerant dissipates heat in the indoor heat exchanger (22) and evaporates in the
outdoor heat exchanger (24). That is, during the cooling operation mode, the indoor heat
exchanger (22) serves as an evaporator whereas the outdoor heat exchanger (24) as a heat

dissipater. During the heating operation mode, the outdoor heat exchanger (24) serves as



an evaporator the indoor heat exchanger (22) as a heat
di ssi pater. [0038] The gas-liquid separator (25) is
provided with a liquid injection pipe (26). More
concretely, the liquid injection pipe (26) is
connected at one end to a quﬂﬁd reservoir section of
the gas-liquid separator (25) and connected at the
other end to the suction pipe (3b) of the conpressor

an( Shporaiitiehd indoorcheangebhngen (39) ae a h2@)disstpatanf i gured to
guide the Iliquid refrigerant stored in the gas-liquid

[068Bjar atTire ¢aBNquUid sepsrauqREpis prolédedl withea digujal @gsaion pipe (26).
(31). The liquid injection pipe (26) is provided with

Mard ¢omerately,ethe dighidoinjecaby piped2$) iswonsdctddudtate leyid o a liquid reservoir
not or - operated valve for controlling the flow rate of

scttien bf thei ghstlifuid ggpaemndr (26) and nenriedteti hae thd gpherend to the suction pipe
i njection pipe (26). [0039] As a feature of the

(3bhwé nhe eomptdssoraf3i).c ofidi Hiquidanjectdd) pipe Qohfis gonfeghrediod guide the
that, during the normal cooling operation node, gas

liqued rdfgegeramtstorad &n thp@as-figed sspyrenh €5) cuthetsatteon sde ol thevoompressor
into the conpressor (31) and, during the nornal

(3 at Theg liqpidr atjéction npige, (26)efis ipgevidudt withaw i figy aate control valve (27)
specified |l evel of dryness fraction (wet state) is

cotistéatwtedi bt @ nidber-apergiedesaloe fqrIbntrollifigahe flsw mateeoipthedignid refrigerant
invention is intended for use in normal operation node

flapipgiic dtei lousd apattion pipedR6). nt ended for use in speci al
operations (e.g., defrost operation) nor conditions

[06882]h asAs wieatutchef the givanties sthe eirnforditiaakr (Y riatcbufigured such that,
cycl e becones abnormally high or the discharge

dursgpbe aounad codlintgepecativnmesdsy gay B fr)gdat ame sperbiial supethgated state is
hi gh. [0040] More concretely, in the case of the

drewolinteghe pemptessm, (31 )hando gemag theaformhleheating apsiabon wwide crefrigerant
(23) is set such that the refrigerant evaporates into

hayingas sp&ifi¢dglerelndf drymess fpotan (Wetdstatapsr drewn guftosthaicempressor (31).
(e.g., a degree of superheat of 0" to 5") in the

That dis diie Ppresent insrestiemizante(dR) for nse inhwrmabepapdtionhpode applications and
heati ng operation, the opening of the expansion valve

is MRBint¢rsled dor wsgdh spéraal dpewmtioss (¢.gedefnast eparpoerdtnes cpnditions such as
t he outdoor heat exchanger (24) so as to have a

wherethethaghpressiirt ef el rebigethtipneyslefregomies abrfaemglly highsgr the discharge
0.89). [0041] This predeterm ned | evel of dryness

tefperatiro of thesobpersséro@mbévpmes Abncamaiphighd set to a
val ue that makes the coefficient of performance of the

[08#0] conMiord eomereiel0)inithetdase ofctheiqngling expsrdtion, thsdepeing of the
optimum 1In this sinmulation, as shown in the upper

expabdien yhlve K23). isehmathi thai datreftigeyank emapoFatehinth@ gps aphigerant in a
of Fig. 4, the dryness fraction of the refrigerant 13

specified superheated state (e.g., a degree of superheat of 00 to 50J) in the indoor heat

exchanger (22). In the case of the heating operation, the opening of the expansion valve
(23) is set such that the refrigerant evaporates in the outdoor heat exchanger (24) so as to
have a predetermined level of dryness fraction (e.g., 0.83 to 0.89).

[0041] This predetermined level of dryness fraction has been found by simulation and
set to a value that makes the coefficient of performance of the air conditioner (10) in the
heating operation mode be optimum. In this simulation, as shown in the upper table of

Fig. 3 and indicated by line F in the graph of Fig. 4, the dryness fraction of the refrigerant



drawn into the conpressor (31) peaks at 0.83 to 0. 89.
It is seen fromFigs. 3, 4 that as the dryness
fracti on decreases or increases fromthe peak region,
the coefficient of performance decreases and that as
the dryness fraction i ncreaset3after exceedi ng 1.00,
the coefficient of performance further decreases. It
is understood fromthe above fact that the coefficient
drafn ige thocsmpressot {31) (peakpd €.83 ©IREI.t At id seen fiionnBigs. 3, 4 that as the
value by drawing the refrigerant in a wet state,
drimess frabidoti Agrensel yrriasizades dioim the pehk adgidre alst cde@denthdperformance
1.00 into the conpressor (31). [0042] The above
desiaasdsaind ahatvis thel dnamessnfiautionligcreases afteoageedinghl i00h thehmefficient of
hi gh and | ow pressures of the refrigeration cycle
perforaaset futtherldbcMasesan dt i3 .undd@@od ésme e abely fact Heat the coefficient of
outl et tenperature of the indoor heat exchanger (22)
perfasmamic dan 5Madackdsdrite itsosmineas ivalue baf drawirgnity refrigetaat in a wet
conpressor (31) was set to 70% In this simulation,
statayrilegrhadingxi dignes Ga2loneat lasdlesssthiuh &.00 éfito itleecampressor (31).
Accordi ngly, the dryness fraction corresponding to the
[0042]i muritecdbié sinenationf wpeddnenmdactheicenditiondinsghich the high and low
varying the value of each of the above operating
pressnckis toif deste fvgeeatadmycyicleewaptsemonhOdviPa @ad 35 MdPairespectively, the outlet
corresponding to a given set of operating conditions
temperahee st thel indodre hea npehatger 422 want st de 2fi(7, edvhlge spmpression
operating conditions are set according to the change
efficidndyhef dreyomaprefsoadd1)owas wett tosT@he) Irothis lkemulation, carbon dioxide
refrigerant corresponding to the set operating
(CEnheliat insetbamthy rbfigemnt. [ AG&08]inglyethaidryreen fatticonerresd@iding to the
is configured such that the dryness fraction of the
optigdunh geeffinient of pofirmahted foynd while ohtyimgythehalue of each of the above
evaporative power of the outdoor heat exchanger (24)
opieyatimgicohditiany, weteraby théeptopemi drgnest fiabeoresqyrasporsiing @l a/given set of
(23). Concretely, for increasing the dryness fraction
opefatingecanditidngecaanbe stthe 1D plenitergparitutch of exsades aimnchapgese operating
(23) is reduced, and for decreasing the dryness
condaons cne ckt adverding rto gbe ahange hed dpedimgsofractien (wet state) of the
expansion valve (23) is increased. In the air
refrigedint comespodiay to thesetoperdsg conditivhomapbe séte
refrigerant may be controlled through an adjustnment of
[0D#E opéftiengir afonditionéd (W) ristconBgured cluch \thdtvibe (dryessffraction of the
the liquid injection pipe (26). Specifically, the flow
refrigegandfis ¢dmgrolled by dontradling therevaporative pewered the owtdodrcheat exchanger
gas-liquid separator (25) into the conpressor (31) is
(2dproyr olaindy adjwsting hthanopraings ofiethe  expandien ojpbisi (kP)of Coneretely, for
flowrate control valve (27), thereby controlling the .
ingwensing thealrphess actief of e rengerany the opening of the expansion valve (23) 1s

reduced, and for decreasing the dryness fraction of the refrigerant, the opening of the
expansion valve (23) is increased. In the air conditioner (10), the dryness fraction of the
refrigerant may be controlled through an adjustment of the opening of the flow rate control
valve (27) of the liquid injection pipe (26). Specifically, the flow rate of the liquid
refrigerant introduced from the gas-liquid separator (25) into the compressor (31) is
controlled through an adjustment of the opening of the flow rate control valve (27), thereby

controlling the wet state of the refrigerant.



[0044] The dryness fraction of the refrigerant drawn
into the conpressor (31) is determ ned based on the
di scharge tenperature of the conpressor (31).
Specifically, the air conditioner (10) is configured
such that the dryness fractiottof the refrigerant is
controll ed by adjusting the opening of the expansion
valve (23) or the flowrate control valve (27) so as

(004 ]mak eThd @rflies< Takgon tafnper @trigetarn§ diahe ROMKe$6Mpressor (31) is
(31) equal to a target discharge tenperature. The

detetrgmdd bdsed bartge disehiee admipeatifsoberrcontiredsor 31y.al Sigecifically, the
that allows the coefficient of performance to be

aioRbhdiUBher T(1®) ik Sconffilgeredi awhathge the dpaiesd diraetiof oftthe refrigerant is
conpressor (31) drops as the dryness fraction of the

cohablled) by adjustihgwhe bpéring D€ the oxpansion ofale3@B) dealie fs@srate control
and rises as the dryness fraction of the refrigerant

valvic2anse as toamdke thealigharge tethp@atiisohihe gempaispar(@luequal to a target
of the conpressor (31) corresponding to the dryness

difdhargel mmpefatilee Taé rtger divthdrge dahperatune thad beereser Yo a value that
set of operating conditions. Thus, the dryness

alfoaché oseffiticithd pegbrmgree anbe dp@ainumak &hat ibahe dasthirge niperature of
of performance optimumis set for every set of

the pengiressgr (3hdidtopanss alnd diiesglifeaction ge thenyedrigdramte dafvn into the
the conpressor (31) which corresponds to this dryness

conipaedsbo(31p tledrbases afid rig@ranhe dgmest frasion of diegefrigerant increases, and
di scharge tenperature. Wth this arrangenent, even if

thedeébrepiae alischgrge aaiptratms o dliey corhpresdoa(§Bt corctispatiamg® the dryness
tenperature for the conpressor (31) that corresponds

fractioh hed the esfeigeranpsr deierngnedc fonaiveryoses of apetatng ebnditons.  Thus, the
that the refrigeration apparatus can perform operation

dryin¢sh ftabgon opthenefrigemaf fhatinakes the cpeffitentrafpeformance optimum is set
corresponding to the present operating state. RUNN NG

foOPERNFEON ¢riddatblz chinditions and theodisshatdecmmeperatire ofithe compressor (31)
conditioner (10) will be described below Herein, the

whipk rcattiesponds o tthie drpnesslfractod iofi gho pafrigérannisneeti@s antirget discharge
the normal heating operation node will be expl ai ned.

teDPSlatiG ORERATHI ONrfafgetddnt,Devannyf theeomatinign goraiaorst vam, the target
node, the four way switch valve (21) is swtched to

disdhergst mtrperatte cfat ¢hit bgmjmesdoe (31) that icorrédpgndsl to tHe piesent operating
notor (32) is activated in this condition, the

conditiongerarbe sei,routhat g refrigdnaticn appatatencimpéréertredpdgtion with the
dashed arrowin Fig. 1 in the refrigerant circuit

opt@am co¢fliciebyofiferfoonanaegoaresppdingdo the ppsssinboperating state.
refrigeration cycle. 15

RUNNING OPERATION

[0045] The running operation of the air conditioner (10) will be described below.
Herein, the operations in the normal cooling operation mode and the normal heating
operation mode will be explained.

COOLING OPERATION

[0046] During the cooling operation mode, the four way switch valve (21) is
switched to the state indicated by broken line in Fig. 1. If the motor (32) is activated in
this condition, the refrigerant circulates in the direction indicated by dashed arrow in Fig. 1

in the refrigerant circuit (20), thereby performing a vapor compression refrigeration cycle.



It should be noted that the flow rate control valve
(27) of the liquid injection pipe (26) isin a fully
cl osed state. [0047] The refrigerant, which has been
conpressed by the conpressor iBl) is discharged
t hrough the di scharge pipe (3 In this condition,
the pressure of the refrigerant is higher than the
critical pressure of the refrigerant. The di scharged

It slduld ematet thitltheBotvaatelvontrol hboy (2Tpaf theXijuidhygectioR $)pe (26) is in
t hrough the four way switch valve (21), exchanging

a hlatcloved btatdne heat of outdoor air for heat
di ssi pation. The refrigerant which has dissipated

[0b¢Zt | n Theeredigadanar wideli laxchaengesmpr2dgedi By the compressor (31), is
deconpressed down to a predeterm ned | evel of

dipohagedr thréwght e elkhmge opipy a3ue ( BB)thiancbriditéom, the pressure of the
exchanges heat with the heat of indoor air in the

refrigtoort ihldgherakahthe geitic{132¢sseie dfltiad reiftigdvmton®he disgaesged refrigerant
refrigerant in a superheated state. At that tine,

flowd dor thai sutilsorc bedteekchiinger g@4) rthfauighethanfour nwhheswitch valve (21),
superheated state is drawn into the conpressor (31) by

exichanging head rwith e Kb pf afitdeor piaser hept didsipatigh t Tlee fefigerant which
way switch valve (21) and then conpressed again to be

hadi distipatge cheaHEA ThAGDREdRARGONH{cBAER}T [d) iimglebti@pressed down to a
heati ng operati on node, the four way switch valve (21)

predetemihahkzge] ¢fopressershatie dxpdisiat ealvby23anddhén exchanges heat with
Fig. 1. If the nmotor (32) is activated in this

the dnati dfiindgor afthie the fndogehaatexdianger (22)eso that itfbecomes a gas refrigerant
direction indicated by solid arrowin Fig. 1 in the

inr efsnpeyheatent statsi r Ati thay 86ie, indver elryisperdiat. niThg gasveefivgerant in the
conpression refrigeration cycle. In this «circulation,

suphihestbd statofs driven netbrthg eomptesshra@At)eby the sucton pilee(3b) after passing
Al ->Bl ->C- D as indicated by dashed line in

thfsugh tle fothwaf [seitch sitlee (20 tand khenalowpr{sad again tohte disaarged.
injection pipe (26) is in a fully closed state. It

HEWJUNG OPERAEBIONhat the cycle of A-> B ->C--.>D
in Fig. 2 is the conventional refrigeration cycle

[Ofd8le wHRwringhthe degtirpopdrattanpmpiiadhe ffurtway svaitaht vabve (21) is switched
refrigerant of the conpressor (31) is zero. In the

todbnstetetindinatbd bekoliginaii . by df ¢he motoe (32 is agvatedtin ithis condition,
the state of point B, which has been discharged from

the nefrigenapt @ssitates indhes dirqmbasindieaed by selixbarnesmtin Fig. 1 in the refrigerant
di ssipater so that it conmes into the state of point C

ci@ubsél;ﬂ]grthﬁybytpqumirrg‘ gervaper icomgegssiopr sddgatation tdyele. In this

ansi on nmechanismso that it cones into the state

cwfu giiohntheGtatFtedrihe refeigeraht chppgenin theagysteaekd! inBilhe C — D, as
evaporator, into a gas 16

indicated by dashed line in Fig. 2. The flow rate control valve (27) of the liquid injection

pipe (26) is in a fully closed state. It should be noted that the cycle of A— B — C — Din
Fig. 2 is the conventional refrigeration cycle made when the degree of superheat of the
suction refrigerant of the compressor (31) is zero. In the conventional refrigeration cycle,
the refrigerant in the state of point B, which has been discharged from the compressor,
dissipates heat in the heat dissipater so that it comes into the state of point C.
Subsequently, the refrigerant is decompressed in the expansion mechanism so that it comes

into the state of point C. Then, the refrigerant evaporates, in the evaporator, into a gas



refrigerant having a degree of superheat of zero
(point A) which is in turn drawn into the conpressor.
[0049] In the heating operation, the refrigerant
deconpressed by the conpressor (31) is discharged
fromthe discharge pipe (3a) Q@oi nt Bin Fig. 2). In
this condition, the pressure of the refrigerant is
hi gher than the critical pressure of the refrigerant.
refirigerahit hatiag gedegref of gpedrht 6f sas (pant A whictosrinhtent drawn into the
exchanger (22) by way of the four way swtch val ve
copipitgssoand t hen di ssi pates heat, exchanging heat with
the heat of indoor air (point Cin Fig. 2). At that
[0D#9e, tlheheé hehbiap operatios, the edfdgeraltf deeompiessaddfyr thg eomptessor (31) is
whi ch has di ssipated heat in the indoor heat
diechatped dem (12Jisdhargdqiper(dad ¢senk Blawhig @).a lorthdebaditiongettie pressure
| evel of pressure (point D) by the expansion valve
of( &8)refrigeraaw ap drighiee Share feh aritféah prévsate off the teffiegdnsdt dhe discharge
outdoor air in the outdoor heat exchanger (24) (point
refigerant Hogs t@jhe ihdodrihiest exohatiger (2) by mary of éfer fogewapnswitch valve (21)
whi ch has evaporated has the predeterm ned | evel of
andrtheredissipatecheat rex¢hveiging lepevith thalteatrakimdoorreer (point C in Fig. 2). At
coefficient of performance optinmum The refrigerant in
thathemepethe Shddor aisis lbatdn Afiteo thehefiogarteglsion ha@ dissipgted heat in the
the suction pipe (3b) after passing through the four
indeyr heiekciangerd (22) (i2 Hecormpriessed efowrg by argredegermined level of pressure
deconpressed again, comng into the superheated state
(paimtl Dby thié sEpanspadvalva (23| & weppratdse chegmngmg heat with the heat of
operation is performed with the optinmm coefficient
owdoquenirf inrthmouosoh¢ah akclenger24k fpoimigA 1 ;1 Bigh2pvdd. this condition, the
[0050] If the tenperature of outside air or the Ilike
retrigenaye svhich bdseevaporaed den thietprodeteriined lea¢lidsirpfess fraction (wet state)
hi gh pressure, | ow pressure etc. of the refrigeration
thetymiakesathe @leffenied dafopepfoovante optimaw s&he otfrigprantin thy wet state is
conditions and a target discharge tenperature for the
drewnpintegbo corprtysor i(31)dut thasuaicd mpe (Ib)talfter pasgingghroygh the four way
operating conditions. Thereafter, the opening of the
svacharedvoRal This(12B)gcrant asldesmeptessed alainr pemingeinjo thehsperheated
openi ng of the flow rate control valve (27) of the i
statg cﬂnddgienj dischargedpi pe thizeyay,sthedhessingdopesaiion ishperfermed with the
di scharge tenperature of the conpressor %1'31) becones
opsiquuh coefficisnt efpreglormancsshdhajsnergppseving israshievpdr eby,
the dryness fraction of the refrigerant drawn into .
[005@] corlpthesismpeladiry of @vtsidssainpt tlm]aqe ahaegesky the above condition, the
operation can be perfornmed with the optinum )
vadussfof itls kigh prefssyrerlpwrnressues atoof dhpshitengionsyclernee glisredhto provide
set of operating conditions. 17
a new set of operating conditions and a target discharge temperature for the compressor (31)

is set according to the new set of operating conditions. Thereafter, the opening of the
expansion valve (23) is adjusted or alternatively, the opening of the flow rate control valve
(27) of the liquid injection pipe (26) is adjusted, such that the discharge temperature of the
compressor (31) becomes equal to the target discharge temperature. Thereby, the dryness
fraction of the refrigerant drawn into the compressor (31) becomes optimum, whereby
operation can be performed with the optimum coefficient of performance corresponding to

the given set of operating conditions.



[0051] In the heating operation, since the refrigerant
in awt state is constantly drawn into the
conpressor (31), the discharge tenperature of the
conpressor (31) significantly _drops conpared to the
case where the refrigerant i nl& superheated state is
drawn like the prior art. Thanks to this, the
tenperature of the notor (32) is prevented from

[0abnjor mdhlte hedtimigropemtidn] diece the refigeahi inga wet kthateds tbnstahtly drawn
within the conpressor (31) is prevented from being

intie eifeecbnipredsioy i3 D¢ thirediatharge wntpettatrer ofothatdongpresidn 1) significantly
results in an inprovenent in the reliability of the

dropd cogparad ite theagysa rveliens the] f2@9gtrar®an ar aipkiheatad peatd isodrawn like the
the refrigerating machine fluid discharged fromthe

pricergpr. e Shanky Blihisi dgaeimperaniré bf theemo®k (32)ds ardvented from abnormally
generally flows to the evaporator and tends to stay

risimg bhe thy agfripatiting bechineefliil ewitldhrihg eomptestdro@1ngs prdvented from
fromthe evaporator is in a perfect gaseous state. In

batmheanest tovhighn tenfipesatuterandhdetdrioratinge nfThdi rewults, intahemprovement in the
refrigerant flowing out fromthe outdoor heat

rebatlahgngfahe (ePdgerttiat apperapess as an evaporator is in a
wet state, that 1is, a gas-liquid two-phase state, and

[0052Z)r ef oiGenEtallgprepaasifl theceafrigarstingh enachinei flerdatdischarged from the
machi ne fluid out of the heat exchanger than a

congfressge(dp togethea witdsthe usfrgeant gdwedly Sowcto the dvapagetor and  tends
amount of refrigerating machine fluid is thus all owed

totstayf imothebaampotatwrtiveawsenpe esfsigeran( aywingledtefromvibe evaporator is in a
| ubrication of the conpressor (31) can be restrained.

peEfFEEESGRt4EVBOD dulihidst (W0 05t8]s, isthh fisst lpetod theand.rthe exfrigerant flowing
earlier, according to the first enbodi nent, since

out dfomni Jerandodrmeat axeharggen(24) itkatdervemas an evapboeator is in a wet state, that
conmpressor (31) during the normal heating operation

isyre dggs-laquich twoiphese etk codf flicodferet itofope eholymaarcies (RO} frigerating
can be achieved conpared to the case where

magfing Jeidamt of theahegugrehbmeger dinst mfregerant dn a\gascoBs pet does.  Since a
refrigerant in a wet state, which nakes the

largeeiniduat ehtefogerping mackine Sushisithumalloweddo dloskahaak tei thér compressor
operating conditions, is drawn into the conpressor

(31 B Bpfectinelubutatiqpenfdbé compppar @) sawbairespainédr m
operation with the optimum coefficient of performance

ERFERdS OFAMBOBIMENdSul t, further energy saving can
be ensured. [0054] The first enbodi nent can optim ze

[005% coeffsi baerbeenfdegeniiedr pattice dagordingrad thoplrstitangypdiment, since
unli ke the conventional liquid injection that is

refrgsrany dd 4 weh it csatliavs irdodhe ggmpgessor (31) during the normal heating

operation mode, a more improved coefficient of performance (COP) can be achieved
compared to the case where refrigerant in a superheated state is drawn. Since refrigerant
in a wet state, which makes the coefficient of performance optimum in accordance with
operating conditions, is drawn into the compressor (31), the refrigeration apparatus can
perform operation with the optimum coefficient of performance without fail. As a result,
further energy saving can be ensured.

[0054] The first embodiment can optimize the coefficient of performance in normal

operation, unlike the conventional liquid injection that is employed in applications such as



defrost operation or when the di scharge tenperature of
the conpressor (31) becones abnormally high. [0055]
Further, since the target discharge tenperature of the
conpressor (31) that correspﬂgds to the dryness
fraction of the refrigerant that nakes the coefficient
of performance optimumis set and the dryness
fraction (wet state) of the suction refrigerant of

defivet opemptiers sorwhail thd discharte aemhpetatioe ad the coaiperessbe (31) becomes
di scharge tenperature of the conpressor (31) equal to

atmhendlbrigeh. di scharge tenperature, the refrigeration
apparatus can perform operation with the optinmm

[0088Nf f i cihether,ofin@f thec taegt ydisghatgeuteniperdture[ QD8] cdmpressor (31) that
addition, since the dryness fraction of the suction

carefporgler mntheofdrgdess fraptipn esfSdre (Siiperant dieatt makdésethe coefficient of
t hrough an adj ustnent of the opening of the expansion

performence(Hdimum ig dee afid tw dratess fractionofwet alated of Big)suctidverefrigerant of
refrigeration apparatus can easily perform operation

thevicotinptessr @t )i isnomtoaiEfifsb @i énmakd theeti foharya nerepasatutwoof the compressor
fail. [0057] In addition, since refrigerant in a wet

(33) atjeali t® theatarget rtischiige temppragss,othe(Bhjgerdtlvm apparatus can perform
di scharge tenperature of the conpressor (31)

ot agonfwideathe loptishuopsoesiiciental effiveeneptvatho(Bjl. and t he
refrigerating machine oil can be protected. In

[005fs equéncalditidne siedd diiw Idrynesoffrachien ofefthd geetani oefrigerant of the
apparatus can be increased. [0058] In addition, since

compressef (31 és eomttrofled whirogglosn adjustmenhef tatopening lnddhe expansion valve
exchanger (24) that serves as an evaporator is in a

(23 nsr Itheydlosv rato-cohaslevalet (2Tatths refrigenatibn iagparatus mgn easily perform
machine oil within the heat exchanger is easily

opeeatmevitibihe topgmuef caefferienttof perforandnae gathoainfeilnt  of
refrigerating machine oil is allowed to flow back to

[005% conpraddision, (idE)refrigeranh at a wdbftate is drawhubtoi thatérmpressor (31), the
the conpressor (31) can be avoided. Consequently, this

disshieess tempengbs pbihe compessson @1)reignificantiyadiops pe ttab tiei rootor (32) and
of conpressor (31) in cooperation with the effects

thd gsfigeatigematline .0ilSEEOND EVRCORHVENT cpa®g¢ncis thehmliability of the
in Fig. 5 the air conditioner (10) of the second

reGrgsoatiomsppaiats canhé inpoeagetl. such that an expander (33)
nmechani cal |y connected to the conpressor (31) through

[006%] notloradd8dp, siwce the wirgerant fidvwivg ouf fohethexpuderrdigat exchanger
val ve (23) used as an 19

(24) that serves as an evaporator is in a gas-liquid two-phase wet state, the refrigerating

machine oil within the heat exchanger is easily removed by the refrigerant and a large
amount of refrigerating machine oil is allowed to flow back to the compressor (31), so that
defective lubrication of the compressor (31) can be avoided. Consequently, this makes it
possible to ensure more reliable protection of compressor (31) in cooperation with the
effects described earlier.

SECOND EMBODIMENT

[0059] As shown in Fig. 5, the air conditioner (10) of the second embodiment is
configured such that an expander (33) mechanically connected to the compressor (31)

through the motor (32) is employed in place of the expansion valve (23) used as an



expansi on mechanismfor the refrigeration cycle in the
first enbodi nent. [0060] More concretely, the
conpressor (31), the notor (32) and the expander (33)
are housed in a casing as one_unit. The conpressor
(31) is inplemented, for exanir?e, by a positive
di spl acenent type conpressor such as rotary
conpressor, scroll conpressor etc. The expander (33)
exipandidpmechemisad forftioy refxgsmtion, cyble ia thoBist éndBodiment.
di spl acenent type expander such as rotary expander,
[086010! | Murasv@eretedy, the EaprEisoAl3 Hpthghmatot (32 and thenexparder (33) are
drawi ngs, the expander (33) is inplenented by the
hosed &l & edsihgvas shageaitexPhd dempessay i (AEdisvindplerhsted, for example, by a
cylinders, which is expanded by a first- stage
pasitiviendlgrlacencknt Inge damipragor exgand aslatyycomnessor) Gestliaganpressor etc.
cylinder. The expander (33) is designed to recover
ThxoswpiandSB8) isi inpldnyentdd) doreaspamds by(Bp)sithecdysacendineype expander
in such a way that the energy generated in the
suel parsargrexpindel) acrolifexpgeieanic. i N t he expander (33) is
utilized as a rotating power for driving the
[066Npr esAslttiougB Tpt shdOSR] thEhkrawags,Nbe ferpartderi €33 ds ithplemented by the
conpressor (31) and the expander (33) has, in
soachtled itwd-stagetdxpantes phhavidal pitherw(o3eylinderd, sihidh Bnexpapded by a first-
(3b) for the conpressor (31), an inflow port (3c)
stidercyligthervinid thert fuetheeéxpagdedingt a fdoond-stagt oylidder. The expander (33) is
first-stage cylinder of the expander (33) and an
desightd twrgoovdr fodaty. t Spceifgiallwhhe kxpander €3) ireponvenstposfer én such a way
expansi on goes out from the second-stage cylinder to
thaththe endrgy genarited e theasipaggior] 6068 reffilgeranefir thg exgamkler (33) is utilized
circuit (20) includes a bridge circuit (41) disposed
askabtatiap poiver far drieingrthe compekion€3X)14) and t he out door
heat exchanger (24) which are provided in the outdoor
[0062]t ( IMHe. cabirez Kori bysing theucdmprédsor 3 bp rnd dbe &xpariddy€33) has, in
connection of four check valves (Cvl, CV2, CV3, Cv4).
adiitom todhe distleirgs piph €3 d)rand gectidnr gipe (3K)44) thesomprdssgru@é) an inflow
such that the inflow sides of the first check val ve
parCiat) tlaodgh idhothetrbfrigesnk floaisvieto( Bv4)rst-dage cydimdecofthe expander
to the outflow port (3d) of the expander (33); the
(33utid awostfidespat (3d)ehsagh whicle theakfrigetane afi@\Vpansidn ghes out from
third check valve (CVv3) are connected to the inflow
thp eecond-3tige oflinden &0 depatsiderof(tB8ygsinghe out f | ow si de of
the first check valve (CVl) and the inflow side of the
[08€T]ond THraekigesint @it @V230)aneudesnnbudgsdcitanitt (4¢) dishesed between the
end of the indoor heat exchanger (22) through the
inferrat pipietinpi(pd amk tiel ahitdoan Heathexcharfdeo W24) vdiakf atehprovided in the
third check valve (Cv3) and 20
outdoor unit (11). The bridge circuit (41) comprises a bridge connection of four check

valves (CV1, CV2, CV3, CV4). More concretely, the bridge circuit (41) is configured
such that the inflow sides of the first check valve (CV1) and the fourth check valve (CV4)
are connected to the outflow port (3d) of the expander (33); the outflow sides of the second
check valve (CV2) and the third check valve (CV3) are connected to the inflow port (3¢) of
the expander (33); the outflow side of the first check valve (CV1) and the inflow side of the
second check valve (CV2) are connected to the other end of the indoor heat exchanger (22)

through the interunit pipeline (14); and the inflow side of the third check valve (CV3) and



the outflow side of the fourth check valve (CV4) are
connected to the other end of the outdoor heat
exchanger (24). [0064] The refrigerant circuit (20)
has an injection pipe (42). The injection pipe (42)
i s connected, at one end, bet¥en the bri dge circuit
(41) and the inflow port (3c) of the expander (33)
and connected, at the other end, to an internediate

thp @utfldw gidesdfote) foafth tcheck alve (CYUpaee amthesedandhstollge end of the
cylinders of the expander (33). The injection pipe

outdicdr hest exphanged@d)wi t h an injection valve (43). This
injection valve (43) is a notor-operated valve for

(00641t I ol Thengfrideeardt lcirenit 209 hat ah gectfnr pipe(42)t  The idjection pipe (42)
I njection pipe (42) and constitutes a flowrate

is conteotdd, b bue enf O8Gwtenl e brédgel gemini1y and the inf120) pors (3¢) of the
provided with a bypass pipe (44). The bypass pipe

expddder i(33)coninasinected,adt theethendnd, ketandateribdiaterpatigénot shown) of the
circuit (41) and the inflow port (3c) of the expander

fireB&pgcannld cecumdestapd, cydindes eofothb exxpemibr (B2) welhe infeetion pipe (42) is
inflow port (3c) of the expander (33) and the bridge

providedimtith(ahlinjeclitve vhlyp #43). piThs iffbdlion salpe (1A)ded matdbhoperated valve
bypass valve (45). This bypass valve (45) is a

forooutrolbpe tlet Bowwvatevel the rrefrigetantlin theginidetof [pgw @2) and obnstitutes a
the refrigerant in the bypass pipe (44) and

flewrdt conited vakvef | ow rate control valve. The bypass
pi pe (44) is configured such that a part of the

[0D€F]r i gertentefrigepant mgrefirt d2O) Bseprbvidddjevithca bypass pigkl{44)o The bypass
the expander (33) flows so as to bypass the expander

pipS 844) uh eonricbed batpans nd ybdtweer( ths)bridge icircuit $410 pad thd aiflew port (3¢)
[0066] The air conditioner (10) of the second

ofghbedpareat (33 androngental) as thehothéraend, beteesen tthe irfflave port (3¢) of the
enbodi ment, gas refrigerant in a specified superheated

expamdes (33 apdahe biidgeocirdugt (43 p mpFhedsypass(iBtg (H)ns popvided with a bypass
cool i ng operation node and refrigerant in a specified

vahet (45).at Ehis bypabs aalvei(Af)ois tanmoowperatsdoralye3foy coutralhgg the flow rate
t he heating operation node. Modre concretely, in the

ofctboIr¢ fmgexape mathieobypashpipodM anyl cdnstihies mjflowt rabh candtolevalve. The
(43) is set so as to nmake the refrigerant evaporate

byipassopipe §éd) is ebnfigeedstucli that agpeceff the defrigpenh 8awang from the bridge
state (e.g., having a degree of superheat of 0 ~ to 5

cireyiti(Al) toethe rdpordeh 6¥Y) flowshsonapeto bypass. thOexpinden(3d@ rwhen the bypass
hand, in the heating operation, the opening of the

valvg (@8) ison ity aperestfé3) is set so as to make the
refrigerant evaporate and have a predeterm ned dryness

[0P6Glct i Orhe(adr epnditdongn (k0) of tik7gecomd embodiment is configured such that, like

the first embodiment, gas refrigerant in a specified superheated state is drawn into the
compressor (31) during the cooling operation mode and refrigerant in a specified wet state
is drawn into the compressor (31) during the heating operation mode. More concretely, in
the cooling operation, the opening of the injection valve (43) is set so as to make the
refrigerant evaporate into a gas refrigerant in a specified superheated state (e.g., having a
degree of superheat of 00 to 50) in the indoor heat exchanger (22). On the other hand, in
the heating operation, the opening of the injection valve (43) is set so as to make the

refrigerant evaporate and have a predetermined dryness fraction (e.g., 0.71 to 0.77) in the



out door heat exchanger (24). The predeterm ned dryness
fraction is set to a value that nmakes the coefficient
of performance optimum as shown in the | ower table of
Fig. 3 and indicated by line E in the graph of Fig.
4. This sinmulation was done welh the fol | ow ng
operating conditions: the high pressure and | ow
pressure of the refrigeration cycle were set to 10

olvRsoratiedt 3x&halvBear (243.peTlid prklyterrhined ahtinest fiaetimeisabetrte a value that
of the indoor heat exchanger (22) was set to 25 *,

malkgd thheoefficizhe st paforafahte bptiiymots sliewvic anpredsser tabklyf Fig. 3 and
was set to 70% [0067] In the air conditioner (10) of

intilveted dgolick Erthabé geaph, oftiig. 4lr yTids sirhuladén omas dbné¢ héth the following
refrigerant is controlled by mainly adjusting the

oppatingngsiditfonth ethierljigle prassure ahd dow4d¢ssaredoft the refrigpeation cycle were
val ve (45). Concretely, only the opening of the

seit tj B MPRarand 8. & MRa483pectvelyljthes dwtibt tenhpdratutehef thy peesr heat exchanger
val ve (45) being in its fully closed state. For

(22honess ite @5 O handdthy nempresfiom effictamcp bf theeonpressge@hntvas set to 70%.
for instance, the opening of the injection valve (43)

[0087F eduaehk air Eonditiewar € b¥)i afghd teeond ymbsdinfeng ¢thd dnyness fraction of the
the refrigerant, the opening of the injection valve

refd&rant iisconioiledbg chaithlfy adjustingtheatpeningy af the ifjé@jonhadve (43) and the
been fully opened and therefore the flowrate of the

bypats vajee &48). i nCohareiehy, @aty the qpicpmg(ef2the ¢ajactoin bave (43) is adjusted
i ncreased any nore, the opening of the bypass valve

whids Yhenbyash ealad(4S) beingiin hitstfhBy ichjsed tstatm  \Falr v an¢rd@)ng the dryness
being inits fully open state. In the air conditioner

friction, oftthe refrigamss fdrrinstbncen thef optehmgr aff the geeetitn valye (43) is reduced.
controlled by adjusting the opening of the flow rate

Faraivtreasing dlevdry(&? fraofiont bithk refrigeranty frecipeoimgmif plee ink@)ion valve (43)
simlarly to the first enbodi ment. RUNNI NG OPERATI ON

is[i0@68Ed. ThE thparjedtionrvabfe @Bphad beendnlly oparedranditbirefuire kthe flow rate
be described below. Herein, the points differing from

oftthe refti geranigindleingdction pigfe ((Rkecannotshe ipntsastidrapytmare) the bpening of the
expl ai ned. COOLI NG OPERATI ON [ 0069] During the

bypasd valye ¢hBrwill be adidetedtwich theuimjsotipn sialvtec(d3y heing 10 ats) fully open
Is swtched to the state indicated by broken line in

st@teg. Ibthelamr ¢dmdBionen(i0.i the drymiess fractiontafrth¢ 8dyigérant may be controlled
activated, the refrigerant circulates in the direction

by adjigmgete byerdag hbthedtavovats poriad valei(27) aftthe liquid injection pipe (26)
refrigerant circuit (20), thereby perform ng a vapor

sinwlpply és e dirstresfbradiyeendt i on cycle. It  shoul d be noted
that the bypass valve (45) and the flow rate control

RUANNING ODERAEIQNaced in 22

[0068] The operation of the air conditioner (10) will be described below. Herein, the
points differing from the running operation of the first embodiment will be explained.
COOLING OPERATION

[0069] During the cooling operation mode, the four way switch valve (21) is switched
to the state indicated by broken line in Fig. 5. In this condition, if the motor (32) is
activated, the refrigerant circulates in the direction indicated by dashed arrow in Fig. 5 in
the refrigerant circuit (20), thereby performing a vapor compression refrigeration cycle. It

should be noted that the bypass valve (45) and the flow rate control valve (27) are placed in



a fully closed state. [0070] The refrigerant, which
has di ssi pated heat in the outdoor heat exchanger
(24), passes through the third check val ve (CV3) of
the bridge circuit (41). Then,,_a part of it flows
into the first-stage cyli nder2%f t he expander (33)
through the inflow port (3c) whereas the renaining
part flows into the internediate port of the expander
a fudl3)clasedstatgh the injection pipe (42). In the expander
(33), the refrigerant expands and its internal energy
[0080] corilter tefugaratpowhivh hastdadsipated lngat én tie outdoordhicat exchanger (24),
(32) which is in turn recovered as the power of the
passaspthesighb the 81dd chkkk vabfr(C}eY) aftthabridge expeanétlon Thanys part of it
out fromthe outflow port (3d) and flows into the
flowsimbe thedast-sagshampder ¢fARy exgfander (33 throught the oftypw powe (3¢) whereas
first check valve (CVI) of the bridge circuit (41).
the retaming) paor flireatintex tleaimyemed22) potthef thef exppodem(33) through the
evapor at es, exchanging heat with the heat of indoor
inggictions pipel(d2). i tIn ithecenpesdea (33)s theakfriggeanhaxpanids apd its internal energy is
super heat ed state. HEATI NG OPERATI ON [0071] During the
camzettéchigito herratating fomod of thchmofon (32\vwlyick i incturry edcoeer¢® 23 the power
IS switched to the state indicated by solid line in
offthg cogprdssort (3d).not tor refidgrantsafiee ekpansiza flows hutsfrom the outflow port
condition, the refrigerant circulates in the
(3d) and tflogvs intad theainddotbireat eixchanger (RR) iafterpassirg thmoughethe first check
refrigerant «circuit (20), thereby perform ng a vapor ]
vabon(? ¥ s ofothe rhafdge gireait (). clcths. indeprtheasexchiangan|(32) dre, refrigerant
the state of the refrigerant changes in the cycle of
evaporates pxchanging heat with thecheai efdindearadr $p/thebitibgcomerea gas refrigerant
~Fig. 2. It should be noted that the bypass val ve (45)
ingreypetheated sfate. r at e control val ve (27) are placed in a
fully closed state. [0072] The di scharge refrigerant
HEAANSaOPERATIKONNt B2 in Fig. 2) of the conpressor
31? di ssi pates heat in the indoor heat exchanger (22)
[003t] poiPwring the hEatgng operativin wopde,Ithe fourerayi syaiichntalym@ 1) is switched
passed through the second check valve (CV2) of the .
tolsh¢ slgte lncihc@tag by galig lingin Iigr. Off tha mplop¢d2)iihaesivated in this condition,
first-stage cylinder of the expander (33) through the )
the mefrigorapiosircuiaes) in thihdireciiontindicatedrhy aeliyarpew tn Figowgn the refrigerant
into the internediate port of the expander (33) .
cifagito (N, tthereby npesforming i pyepeu Zpmpressiocherafsigeradet cycle. In this
(33), the refrigerant expands and its internal energy
cifeglatiopntherstatel of therafigeraet dhanges indhe syde aft2 motht = C — D2, as

_ 8_32) which is in turn recovered as the power 23
indicated by solid line in Fig. 2. It should be noted that the bypass valve (45) and the flow

rate control valve (27) are placed in a fully closed state.

[0072] The discharge refrigerant (indicated by point B2 in Fig. 2) of the compressor
(31) dissipates heat in the indoor heat exchanger (22) (at point C in Fig. 2). After this
refrigerant has passed through the second check valve (CV2) of the bridge circuit (41), a
part of it flows into the first-stage cylinder of the expander (33) through the inflow port (3¢)
whereas the remaining part flows into the intermediate port of the expander (33) through the
injection pipe (42). In the expander (33), the refrigerant expands and its internal energy is

converted into the rotating force of the motor (32) which is in turn recovered as the power



of the conpressor (31) (at point D2 in Fig. 2). After
expansi on, the refrigerant goes out fromthe outflow
port (3d) and then flows into the outdoor heat
exchanger (24) by way of the fourth check valve (Cv4)
of the bridge circuit (41). 183this outdoor heat
exchanger (24), the refrigerant evaporates,
exchangi ng heat with the heat of outdoor air (at point

ofARie icobmpldsgor @) (dtpoihiB2 @ORY. 2).onAfibhexpausipny the eelfrigerant goes out
refrigerant has a predeterm ned dryness fraction (wet

frethahe putfloat porak®ap dndehero dbivis ¢ntonhe ofitdper lisar exciagger (24) by way of
optimum [0073] If outdoor air tenperature changes in

the fewtlo ohddki wilvel (GVA) bE chealbridie, citdagt (@1ph Inphidsauderardt exchanger
| ow pressure of the refrigeration cycle are altered to

(4% ttharafityerasttevaporafesrexthaginglisadwithahshet odoalidogr 4io(at point A2 in
which a target discharge tenperature is set for the

FigoPipr dashis cordi}ion, theenaporated eqfrpéragt infs d fredétednsiaéd oryness fraction
val ve (43) is adjusted such that the discharge

(vtee plat) diat heakeothe tcheffie rapo e firmbdd) optimammes equal to
the target discharge tenperature. Wien the injection

[00a3 e (I43dntdosr hirl tbypefaane dharigee i plencorglitidn titseribgtp alssve, the high
val ve (45) is then adjusted. Alternatively, the

progzard gl lolv irhssufd efivhe atfeigeration oycly atevadtetcdAp sof a héwe set of operating
liquid injection pipe (26) is properly adjusted.

cohld#ioab yccordiag de ywhéchsa farget tisolargéd teniperatederis getrfanthe dompressor (31).
into the conpressor (31) becones optinum so that the

Theaf thHegeeaingad tapipfacaon saleadas hdjostedveuch thitehe disthargeriemperature
coefficient of performance in accordance with the

ofgtheecongmessof (dPebadoney equehtt theotmsget| difchdigel tentpemtaier When the
condi tioner (10) of the second enbodi nent, even if the

infzatiamselve [{é3)vie dnlly bperedpthetopehing effthe by@ass valve#F)gisithen adjusted.
t he expander (33) and the amount of refrigerant

Aftérouti vedy, ithe ¢peainpoofithe fewrate 3dhtrolsvalved2 7 pefthe Hiquidfinjection pipe (26)
variations in the operating conditions, the anmounts

isgfropedy iadms@dt Thensbpgthendtyhessefrpativaleof (183 yefagerann dtdven into the
conpressor (31) can be rebal anced by introducing a

copgressof (I decwhesi gpinant sé tanthcdefrggracn appapiyaaf 42iform with the
and making the part of the refrigerant bypass the

omiapem deveffi@ayt by prefersamfe ihecbydams piithe the( 4dWen set of operating
provi ded that the suction refrigerant of the

capditjpnessor (31) has an opti numdryness fraction. This
| eads to an inprovenment in the rate of power recovery

[OCaAd], i Nncthesaywenditionerf (10) hefr thensecgryd smbbdignangnetsa if the balance
achi eved. O her arrangenents, functions and effects of

batiecn dler anmuehiod diefregerand oflowsingdinf ther ckpamdet 3Peand thdramount of
first enbodinent. 24

refrigerant flowing in the compressor (31) is lost because of variations in the operating

conditions, the amounts of refrigerant flowing in the expander (33) and in the compressor
(31) can be rebalanced by introducing a part of the refrigerant from the injection pipe (42)
and making the part of the refrigerant bypass the expander (33) by means of the bypass pipe
(44), provided that the suction refrigerant of the compressor (31) has an optimum dryness
fraction. This leads to an improvement in the rate of power recovery and, in consequence,
further energy saving can be achieved. Other arrangements, functions and effects of the

second embodiment do not differ from those of the first embodiment.



OTHER EMBODI MENTS [ 0075] The foregoi ng enbodi nents of
the present invention may be nodified as follows.
[0076] For exanple, in the first to second
enbodi nents, the dryness fracfion of the refrigerant
may be controlled by adjusti né“only t he opening of the
flow rate control valve (27) of the liquid injection
pi pe (26) provided in the gas-liquid separator (25).

OINER EMBODIMENTSt and second enbodi nents, the liquid
i njection pipe (26) of the gas- liquid separator (25)

[068Y] be Bhe tfordoinkbembalimentsi efaltey prestre fnverstionranthy be modified as
second enbodi nrents may be nodi fied such that the

fotlowmess fraction of the refrigerant is controlled by
adjusting only the openings of the expansion valve

[002Q]) arkbrtdxemipiy, ao tthe firstabwecdnd3ymbpdifiédls, We demedsefraction of the
bypass pipe (44) and the injection pipe (42) are both

refirgevand exhy e tdrarollee dyrd)jestihg dnlyethic, opehing ofphes floiv mtet control valve
provi de either one of them and control the dryness

(217y aftthe diquufintebigonr pibe (29 paovtided inhh¢ pes-liduwdvsepataor(@a6). r ol
val ve provided for it. [0079] Wile the air

[06@Hdi t ilortbe fifsCGndcapatl enloddismeintscthie Aguink injediontdipe (26) of the gas-
cooling operation node and the heating operation node

lidvag s¢paeatord@§E miap dd omittedhe Nibresdpecifidalie tienfirst and second embodiments
enbodi ments, it is apparent that the invention is

mayppé inguiified suoh hbatthe drynpgafirationed thxancfnigerant ik eantrallgd by adjusting
function only. | NDUSTRI AL APPLI CABI LI TY [0080] As has

orie e apesings bEdhe zpansjont wadvep28)» &nk the imyerttononlvie (Ad)s
useful applications in the field of refrigeration

[08pPlar at WhHs tHechpipass pipe €f4) rod tiwrinjectiorcpipt (42)rare both provided in  the
performng a vapor conpression refrigeration cycle.

sep@d anppdimeniNibis possiblaimprbvids: either Ane of theye raatlicontrol the dryness
apparatus conprising a refrigerant circuit (20) for

frapgioh of tergfrigerang mithghe Howonteopotrel walveghroeided Girtit.
i ncludes a conpressor (31), wherein: refrigerant in a

[0G#2] st aMhilewttiec hirpeanditehmer dih0)o papatrianof oufifchoigebttwekn the cooling
per formance (COP) for

operation mode and the heating operation mode has been described in the first and second

embodiments, it is apparent that the invention is applicable to heating apparatuses having a
heating function only.

INDUSTRIAL APPLICABILITY

[0080] As has been described above, the present invention finds useful applications in
the field of refrigeration apparatuses having a refrigerant circuit for performing a vapor

compression refrigeration cycle.



a present operating state, is drawn into the
conpressor (31). 2. A refrigeration apparatus
conprising a refrigerant circuit (20) for performng a
refrigeration cycle which cirguit includes a
conpressor (31), wherein: re §igerant in a
superheated state is drawn into the conpressor (31)
during a cooling operation node and the refrigerant
CLAIMSwet state is drawn into the conpressor (31)
during a heating operation node. 3. Arefrigeration
apparatus conprising a refrigerant circuit (20) for
performng a refrigeration cycle which circuit
What isudeinal sonpressor (31), wherein: a target
di scharge tenperature for the conpressor (31) is set
l.so a rtivigehitiannapparatyt comprisingef féfdpgemnant ofrcipe (2®)r foanpeforming a
(COP) for a present operating state and refrigerant in
refrigeedtiostat ke, whivh cirduinmklnded heordpresdoa3fg, t enper at ur e of
the conpressor (31) equal to the target discharge
whamiper ature, is drawn into the conpressor (31). 4. The
refrigeration apparatus according to any one of clains
refrigeparB in awret s@tay whidheproeides gre ppiimhumi goefficient 20 peifermance (COP) for
provi ded wi th an expansi on valve (23) and the wet
a ptesdng opératisgisthicors drafm inge therdompiresswe(3¢pnpr essor  (31)
is controlled by adjusting the opening of the
2.expahseiigemationeappatitus Bomhsing ef réfggerant omcwap 2Nafonsperforming a
according to any one of claiml1l to 3, 26 wherein: the
refrederatgparcynie wlhick oir¢ui( 20udbss canprassor ()i d separ at or
(25) disposed between evaporators (22, 24) and the
whereini on si de of the conpressor (31); the gas-liquid
separator (25) includes a liquid injection pipe (26)
refrigerary ia 4 |soperhedted ctate ioldrawmalivte hg 79ompressoy 3B dgring a cooling
liquid refrigerant fromthe gas-1liquid separator (25)
opepationemedecaridahe refrigerantf intahectcstatp sedrawn iift 1hg camptessoe (31) during a
wet state of suction refrigerant of the conpressor
hqafind operatempodé.l ed by adjusting the flow

3. A refrigeration apparatus comprising a refrigerant circuit (20) for performing a
refrigeration cycle which circuit includes a compressor (31),

wherein:

a target discharge temperature for the compressor (31) is set so as to obtain an optimum
coefficient of performance (COP) for a present operating state and refrigerant in a wet state,
which makes the discharge temperature of the compressor (31) equal to the target discharge
temperature, is drawn into the compressor (31).

4. The refrigeration apparatus according to any one of claims 1 to 3,

wherein:

the refrigerant circuit (20) is provided with an expansion valve (23) and the wet state of
suction refrigerant of the compressor (31) is controlled by adjusting the opening of the
expansion valve (23).

5. The refrigeration apparatus according to any one of claim 1 to 3,



rate control valve (27). 6. The refrigeration
apparatus according to any one of clains 1 to 3,
wherein: the refrigerant circuit (20) has an expander
(33) nechanically connected tQ the conpressor (31)
through a notor (32) of the c%ﬁpressor (31); the
refrigerant circuit (20) includes a bypass pipe (44)
t hrough which a part of the refrigerant flowing to
whdreinexpander (33) flows, bypassing the expander (33),
and a flowrate control valve (45) provided in the
thbygfagarapi gircu(t429) haarmopasiiruidkdepstastr§28)f disposed between evaporators (22,
refrigerant of the conpressor (31) is controlled by
24 cdind she sugtidvineidé bbthe coaipecssarBiyl val ve (45). 7. The
refrigeration apparatus according to any one of clains
tht gheliguid seperater (25)tihdudafa iged agectonrppe (26) A8Ying | flow rate control
configured such that the high pressure of the
valef (A7) efoatguating Yighid refrégeliny Heom ttheapgast ypid segaratet (25) to the suction
pressure of the refrigerant. 8. The refrigeration
sidgppiahatompassoi(dl)ngnd o cl aim 7, wherein: the
refrigerant is carbon dioxide.
the wet state of suction refrigerant of the compressor (31) is controlled by adjusting the flow

rate control valve (27).

6. The refrigeration apparatus according to any one of claims 1 to 3,

wherein:

the refrigerant circuit (20) has an expander (33) mechanically connected to the compressor
(31) through a motor (32) of the compressor (31);

the refrigerant circuit (20) includes a bypass pipe (44) through which a part of the
refrigerant flowing to the expander (33) flows, bypassing the expander (33), and a flow rate
control valve (45) provided in the bypass pipe (44); and

the wet state of suction refrigerant of the compressor (31) is controlled by adjusting the flow
rate control valve (45).

7. The refrigeration apparatus according to any one of claims 1 to 3,

wherein:

the refrigerant circuit (20) is configured such that the high pressure of the refrigeration cycle
1s higher than the critical pressure of the refrigerant.

8. The refrigeration apparatus according to claim 7,

wherein:

the refrigerant is carbon dioxide.



