1 REFRI GERATI ON APPARATUS TECHNI CAL FI ELD [0001] The present invention
relates to a refrigeration apparatus equipped with a refrigerant circuit
in which is connected an expander for the recovery of power. BACKGROUND
ART [0002] Refrigeration apparatuses, such as those disclosed in

JP- A-2001- 116371 and JP- A-2003-121018,1 have been well known in the
conventional technology. A typical such refrigeration apparatus is

provi ded Vﬁﬁ?R@GEﬂ%%ﬁPﬁ%’fﬂSt in which an expander for the recovery

of power i's connecte efrigerant is circulated in the refrigerant
circuit to thereby performa refrigeration cycle. In this type of
refrigeration apparatus, the expander is nechanically coupled to a
conpressor_by a shaft or the like. And, power produced by the expansion of
refri ger antE¢-HYKeAleXkpEhBer is utilized to activate the conpressor and the
input to a notor which activates the conpressor is reduced with a viewto
acconpl i sHPBGL] i npride enesemtgnyenticopelpics &f 4 refiigaretiar apperate aaninped withgoo3] | n
t he above-described refrigeration apparatus, the conpressor and the
expander rafrecconneatied winch seoneéatédyar anpanddr fouhe rasoivedy df poavec| osed
circuit. This arrangenent requires that the refrigerant mass flow rate

t hrough t ACKTREIE Ageral ways equal to the refrigerant nass flow rate
t hrough t he expander. However, refrigerant which is drawn into the
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(tenperature, ~ pressure, density et cetera) depending on the operational
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thereby perform a refrigeration cycle. In this type of refrigeraﬁon apparatus, the expander is
mechanically coupled to a compressor by a shaft or the like. And, power produced by the
expansion of refrigerant in the expander is utilized to activate the compressor and the input to
a motor which activates the compressor 1s reduced with a view to accomplishing
improvements in COP (coefficient of performance).
[0003] In the above-described refrigeration apparatus, the compressor and the expander
are connected in the refrigerant circuit which is a closed circuit.  This arrangement requires
that the refrigerant mass flow rate through the compressor be always equal to the refrigerant
mass flow rate through the expander. However, refrigerant which is drawn into the
compressor and refrigerant which flows into the expander change their state (temperature,
pressure, density et cetera) depending on the operational state of the refrigeration apparatus.
Consequently, if the rotational speed of the compressor and the rotational speed of the
expander cannot be set individually from each other, this may create an imbalance between
the amount of refrigerant passing through the compressor and the amount of refrigerant
passing through the expander.  As a result, it becomes impossible to perform a refrigeration

cycle in a proper condition.



[ 0004] The refrigeration apparatus disclosed in JP-A-2001-116371 therefore
i ncorporates therein a bypass passageway whi ch bypasses the expander. In an
operational state in which the anmount of refrigerant passing through the
expander is relatively too small, refrigerant is made to flow also into

t he bypass passageway, thereby establishing a balance between the anount
of refrigerant passing the through the conpressor and the anount of

refrigeraf®0@@assi ng THyetiderition s@paanddisclosed InhkP-Af00il ga 63T 1 heredpar at us
di scl osed in JP-A- 2003-121018, an expansion valve is disposed in series

W th the expanffes ihefkifh b?ﬁ%& %Eés@@ﬁ%y whish 8ypRseMth€Bxgafi8erd M A ofdrational
refrigerant passing through the expander is relatively too |arge,
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t hrough the..conpr.essor .and the .a nt of refrigerant,passing.thr h_t he
expander . "1 GRRRERE B TR ARV OR PROBEERS P rhE o RUERIHEACT RITENDS
TO SOLVE [ 0005] As described above, .in_a conventional refrigeration

appar at us PR dieign et OBIGh AR Paptieg %lﬁéle}'ﬁtlg}b%eﬂéffﬁpifﬁé?fa%‘@ B8Py A'hr ough
t he expander, and the anmount of refrigerant ggssing t hrough the conpressor
are bal aneddgsiripassing topnay theyxpakring L theyghtgsration apheraes gisslased in JP-A-
refrigerant passing through the expander. Consequently, the anount of power
r ecover abRe03-1 difil8edn exgensinn vilve i hdispspdnderics withauegdnpderhe lrefoemerational
produci ng the possibility of resulting in insufficient inprovenent in COP.

| n ot her vmteds wHifh thepaidunosf @fridehmt padsingghicanh theypaskess tehaivekpanitege, t he
anount of refrigerant passing through the expander decreases, and the
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hand, if refrigerant is subjected to expansion by both the expansion val ve
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inlet and the outlet o e expander. ) case, the anount of

power Mhi95“%?%ﬁ?ﬁﬁﬁﬁggFégéﬁ?gFﬁéﬁﬁ1ger decreases. [0006] Wth the above

probl ens In ion was nmade. Accordingly, an object

of the pr ﬁgehdgﬂlﬁﬁtélgq‘ﬂﬁ Il&@%tNTl](ﬂ\I a refrigeration apparatus equi pped 3
PROBLEMS THAT THE INVENTION INTENDS TO SOLVE
[0005] As described above, in a conventional refrigeration apparatus including an
expander, the amount of refrigerant passing through the expander and the amount of
refrigerant passing through the compressor are balanced with each other by making a change
in the state of refrigerant passing through the expander. Consequently, the amount of power
recoverable from refrigerant in the expander is reduced, therefore producing the possibility of
resulting in insufficient improvement in COP.  In other words, if a portion of the refrigerant
bypasses the expander, the amount of refrigerant passing through the expander decreases, and
the amount of power which is obtained in the expander decreases. On the other hand, if
refrigerant is subjected to expansion by both the expansion valve and the expander, this
reduces the difference in pressure between the inlet and the outlet of the expander.  Also, in
this case, the amount of power which is obtained in the expander decreases.
[0006] With the above problems in mind, the present invention was made.

Accordingly, an object of the present invention is that, in a refrigeration apparatus equipped



wi th an expander, the amount of refrigerant passing through the conpressor
and the anount of refrigerant passing through the expander can be bal anced
wi th each other, regardless of the operational state and w thout reducing
t he amount of power recoverable in the expander. MEANS FOR SOLVI NG THE
PROBLEMS [ 0007] The present invention p#ovides, as a first aspect, a
refrigeration apparatus, equipped with a refrigerant circuit (11) in which
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refrigerant ci rcuI at i on_pat hway extendl ng fromthe expander (16) to a
conpr essorPEREPIRl$taty ang \éfftPP‘&é‘?@Wﬂngcﬁh? agpantof ppwef srovashle 81 thesgpander.
anount of reflﬁgerant circulating in the refrigerant circuit (11); (b) a

liquid i njMEANYFOIMEOAGING THIIYROBLEMSp! ying |iquid refrigerant in the
refrigerant adjustnent tank (14) to the suction side of the conpressor
(15); and [Qe)7]a | i dihegrdsbavinvaition pentids] asneltiRampsan § 82)igdration goatated, | i ng
the flowrate of refrigerant in the liquid injection passageway (31).

[0008] Theqpipps€ithia¥aTHek 4 cREQV{IAPH, wiRiSh an SL6PAEk @EPRE theaCE@V et BpdiRertihe
aforesaid first aspect, a refrigeration apparatus in which the refrigerant
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refrigerant circulation p hway exte rom the xpander

Conpressor,, ﬁé?%}nt&?%@t (13‘) d 11%rr ﬁeg@}atlog\ﬁega:[rétus of{hg\filrs %2 ec?s S‘%t hg{@%aspect

according to I'rs era
which the r fr| nt adj ust nt t ank %1 [ dIS osed eam of
evaporat or T4 nabrrgertie: MF}%&% it el %&laﬁaﬁ) PRGN helealBnder
(16) to t npr essor (15 [ 0010] The .present invention frow des, as a
fourth as ]&&és?mea@,lﬁ) 40 # GRmprsFE SN ﬂtqﬂefrtgea@@étf@mt A1} der gogslinedhe
apparat us conpri sing 13 S injection passage { for supplying gas
ref ri ger aftPouAt ¢fyelr ifg@fﬁﬂ'{ gepEaiingae) s oipgrrant ghRuif (L]él;/ (bpa lipeidsnjeetion si de of
the conmpressor (15); and (b) a gas flowrate control nechanism (34) for
control | i mgssapevdy ((3\1/) faatsep@lying liquid refrigerant in the refrigerant adjustment tank (14) to the
suction side of the compressor (15); and (¢) a liquid flow rate control mechanism (32) for
controlling the flow rate of refrigerant in the liquid injection passageway (31).
[0008] The present invention provides, as a second aspect according to the aforesaid
first aspect, a refrigeration apparatus in which the refrigerant adjustment tank (14) is disposed
downstream of an evaporator in a refrigerant circulation pathway extending from the
expander (16) to the compressor (15).
[0009] The present invention provides, as a third aspect according to the aforesaid first
aspect, a refrigeration apparatus in which the refrigerant adjustment tank (14) is disposed
upstream of an evaporator in a refrigerant circulation pathway extending from the expander
{16) to the compressor (15).
[0010] The present invention provides, as a fourth aspect according to the aforesaid
third aspect, a refrigeration apparatus comprising:(a) a gas injection passageway (33) for

supplying gas refrigerant in the refrigerant adjustment tank (14) to the suction side of the

compressor (15); and (b) a gas flow rate control mechanism (34) for controlling the flow rate



of refrigerant in the gas injection passageway (33). [0011] The present

i nvention provides, as a fifth aspect according to any one of the
aforesaid first, second, third, and fourth aspects, a refrigeration
apparatus in which the high pressure of the refrigeration cycle perforned
by causing refrigerant to circulate in4he refrigerant circuit (11) is set
to a higher pressure |level value than the critical pressure of the
refrigerant inventioq?giovides, as a sixth aspect

¢ 1%00121]. 'Ij[ge Freseﬁt )
accor di ng V3 Ght! BF EEHICHPHPESLFTYiY sk, second, and third aspects, a
refrigeratjqon apparatus in which: (a) the hj ressure, of the
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refrigerant circuit (11) is set to a higher pressure |evel value than the
critical piferssaid &rsfseconb thied pndéruataspentd a(gfyiceiséion appargy iy Waish disduelat us
i ncl udes controller neans (90) for controlling the liquid flow rate
control nywhaniesMithSRYrigmatidraty cteherfoenpd batarsergokfiigefant eriamdatelinstbhar ged
fromthe conpressor (15) has a predeterm ned control target value. [0013]

The pr esentfrigew@ntirant @1 PMisdes,a [dgha ps@vad & chsfiec thaa dgodriticagpregsutdhef the
aforesaid fourth aspect, a refrigeration apparatus in which: (a) the high
pressure qpidagnfefrigeration cycle performed by causing refrigerant to
circulate inthe refrigerant circuit (11) is set to a higher pressure
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aforesaid first, second, and third aspects, a refrigeration apparatus in
whi ch: (a)inthrerefiggranpcagwitld) isfset toer hisheripgessarci oyl cf%@@ thapdhg gitirshpiggsure of
causing refrigerant to circulate 5

the refrigerant; and

(b) the refrigeration apparatus includes controller means (90) for controlling the liquid flow
rate control mechanism (32) so that the temperature of refrigerant discharged from the
compressor (15) has a predetermined control target value.

[0013] The present invention provides, as a seventh aspect according to the aforesaid
fourth aspect, a refrigeration apparatus in which:

(a) the high pressure of the refrigeration cycle performed by causing refrigerant to circulate

in the refrigerant circuit (11) is set to a higher pressure level value than the critical pressure of
the refrigerant; and

(b) the refrigeration apparatus includes controller means (90) for controlling the liquid flow
rate control mechanism (32) and the gas flow rate control mechanism (34) so that the
temperature of refrigerant discharged from the compressor (15) has a predetermined control
target value.

[0014] The present invention provides, as an eighth aspect according to any one of the

aforesaid first, second, and third aspects, a refrigeration apparatus in which:

(a) the high pressure of the refrigeration cycle performed by causing refrigerant to circulate




in the refrigerant circuit (11) is set to a higher pressure |evel value
than the critical pressure of the refrigerant; and (b) the refrigeration
apparatus includes controller neans (90) for controlling the liquid flow
rate control mechanism (32) so that the high pressure of the refrigeration
cycle performed in the refrigerant cir&uit (11) has a predeterni ned
control target value. [0015] The present invention provides, as a ninth
aspect according.to the af said fourth aspect, .a refrigeratjon _apparatus
in which: l(léfyje FRAEHI TG L) Fesebio 4 BEbsrar i igrats) SaE Jrandhn Sy g5 O
causing refrigerant to circulate in the refrigerant circuit (11) is set to
a hi gher ﬁh@ggnggﬂn@@@¢ value than the critical pressure of the
refrigerant; and (b) the refrigeration apparatus includes controller mneans
(90) for obit ot delimgerathe dpiperaiug ifidlodes coatrelle ordans (M Earanitsing3k9) lignd flowe
gas flow rate control mechanism (34) so that the high pressure of the
refri ger atia@ogicl @e@enisal (Badlsé that the hi@f fre garadttthe tafid girhtirildycldygs feamed in
predeterm ned control target value. [0016] The present invention provides,

as a tent hhasRELaRGGRUAIDY Ha a phRlcREAIRE ’bAr Slitikbt vaagpect, a refrigeration
apparatus in which the controller neans (90) sets, based on the

refriger a?‘i@@g?]cyd %fhgrpp%s%ﬁt' i1 tioaép?(%\gtilesaascgﬂi}lﬁpéspgﬁra?&}rdl g:ctblﬁq ofeb@l the

coefficie per mance of t efrigeration cycle perforned in the
refrigeraq; ﬁ@rcu%% 8%&9 Q@s an o%tiqﬁk byalue obt ai nabl e in an operationa
state at tRETEEFRECE AGOITRFTATRR ABRELEHP VHG®nt i on provides, as an el eventh
aspect according.to either the  aforesaid seyenth aspect or..the aforesajd
ninth aspdét , U5 Higk Preguae it r%f&ﬁar@a%quqﬁp A N 90)
sets, based on the refrigeration cycle operational state, a control targFt
val ue so tiRdke rehégesauicfroei 8HY isotet ey hisheremessusstleahaalpe thandbe i fich Prsyaire of
performed in the refrigerant circuit (11) has an optimal value obtainable
i n an opertht iddrig¢rastt atdk at the time. [0018] The present invention
provides, as a twelfth aspect according to the aforesaid ninth aspect, a
ref ri ger at(bpn tlapphigtaifon apputaius indlides comt¢16dr lnennsEdn sor((@0)odimp she baseddopn
the 6
rate control mechanism (32) and the gas flow rate control mechanism (34) so that the high
pressure of the refrigeration cycle performed in the refrigerant circuit (11) has a
predetermined control target value.
[0016] The present invention provides, as a tenth aspect according to the aforesaid sixth
aspect, a refrigeration apparatus in which the controller means (90) sets, based on the
refrigeration cycle operational state, a control target value so that the coefficient of
performance of the refrigeration cycle performed in the refrigerant circuit (11) has an optimal
value obtainable in an operational state at the time.
[0017] The present invention provides, as an eleventh aspect according to either the
aforesaid seventh aspect or the aforesaid ninth aspect, a refrigeration apparatus in which the
controller means (90) sets, based on the refrigeration cycle operational state, a control target
value so that the coefficient of performance of the refrigeration cycle performed in the
refrigerant circuit (11) has an optimal value obtainable in an operational state at the time.

[0018] The present invention provides, as a twelfth aspect according to the aforesaid

ninth aspect, a refrigeration apparatus in which the controller means (90) sets, based on the



refrigeration cycle operational state, a control target value so that the
coefficient of performance of the refrigeration cycle perforned in the
refrigerant circuit (11) has an optimal val ue obtainable in an operational
state at the tinme. [0019] The present invention provides, as a thirteenth
aspect according to any one of the afd¥esaid fifth to tenth aspects, a
refrigeration apparatus in which the refrigerant CIrCUIt (11) is charged
wi th carbon_di oxi de as a refrlgerant OPERATI ON 20] In %he first aspect
of the prds&ieratin&nele oneratinenl siaiaagenteql fepey ‘sahbﬁ%)pt adpe popfigant cifef ri ger ant
circuit (11). In the refrigerant circuit (11), refrigerant discharged from
the conpresiounar(cksy thii mEigsaaton dyeltpetformédbin the eafpeeranteicyiv 6F1) dpy an pelim#len
expanded in the expander (16), is evaporated as it absorbs heat fromair
or the |ikaluecartthihsbldinmopendtionhheate anthe éigsor (15) where it is conpressed.
In this way, the refrigerant is circulated in the refrigerant circuit (11)
wher eby t F[@o r|f ri gqmaikeentGyedntiob proeddsossedirtcEhes dspidtihgairaing taatistaenhe
tank (14) di sposed in the refrigerant circuit (11). The refrigerant
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circulating in t e re rige ant Ci by causing a ange in the

anount of fr| er.ant he d e the refrigerant adjustnent tank
(14). [ché_aﬁ] eflﬁw érl?(g'erI?XIg? eﬁlg%h]i%t (11) of the first aspect of the

pr esent igégghﬁﬁq g%qu|d refrlgerant in the refrigerant adjustnent tank
(14) can P t hrough the quuid injection passageway (31) to t he

suction side of the conpressor The, refri gerant ro at in

liqui d injie@qlon pds wgﬁwpm thespr@ﬁ@m e @5@‘ 665@}‘18’6 15 1SRO8 H tJEli%u d

flow rate control nmechanism (32). For exanple, if the density of

r ef ri ger antfrighiaohciretitildan In mlna)reﬂ”lhgeralﬁ@rrpmééldd)rre’@ Esyanp disehnecddxaadls vel y

| ow as the degree of superheat thereof increases, the anount of

ref ri ger anbnpassal(i8) diksipatghhdah &, Conpruesso putds) aihécihoe sxmudebsi thekypagdel |

relative to the anmount of refrigerant passabl e through the expander (16),

t her eby pro6ei dgportattd 40 dsishibk hbyt fidhabir b eherldder argleis dtdvaninaytk eomipgiisor

pressure nmay not Be set to a proper pressure level value. If, in such a

case, |iquish wREEHASEMbrek$sdS URRHHi 6 at, AEOGNchAif id difbulaled M BE tdfOFerdnt circuit
(11) whereby the refrigeration cycle is performed.  The refrigerant adjustment tank (14) is
disposed in the refrigerant circuit (11). The refrigerant adjustment tank (14) is a tank used to
regulate the amount of refrigerant circulating in the refrigerant circuit (11) by causing a
change in the amount of liquid refrigerant held inside the refrigerant adjustment tank (14).
[0021] In the refrigerant circuit (11) of the first aspect of the present invention, liquid
refrigerant in the refrigerant adjustment tank (14) can be supplied through the liquid injection
passageway (31) to the suction side of the compressor (15).  The refrigerant flow rate in the
liquid injection passageway (31) is controlled by operation of the liquid flow rate control
mechanism (32). For example, if the density of refrigerant which is drawn into the
compressor (15) becomes excessively low as the degree of superheat thereof increases, the
amount of refrigerant passable through the compressor (15) becomes excessively small
relative to the amount of refrigerant passable through the expander (16), thereby producing

the possibility that the refrigeration cycle high pressure may not be set to a proper pressure

level value. If, in such a case, liquid refrigerant is supplied through the liquid injection



passageway (31) to the suction side of the conpressor (15), this increases
the density of refrigerant which is drawn into the conpressor (15) whereby
t he amount of refrigerant passable through the conpressor (15) is bal anced
with the anount of refrigerant passable through the expander (16). [0022]
In the second aspect of the present invéntion, the refrigerant adjustnent
tank (14) is disposed in a refrigerant circul ation pathway extending from
an evaporator to the conpressor (15) in the refrigerant circuit (11). In
the refri gprargevey(@lite thelsytion side alithe comprsssor (b grresosthgilensey o
evaporator once enters the refrigerant adjustnment tank (14). And, the

conpr essor refidgdramtrehich satrawairedthgasmpedssorg@awherehy theanmosht plgefrigerant

adj ustnment tank (14). [0023] In the third aspect of the present invention,
the refri gpisaitle ahugt e BémpREor (15)is bfancdd sptsibe ambuat afeéfiriggentpissable
circul ati on pat hway extending fromthe expander (16) to an evaporator in

t he refriggﬁg{%ht@iﬁg%é%lger((}@. In the refrigerant circuit (11), the outflow

of refriger he expander (16) once enters the refrigerant
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adj ust nent “t'an 'S supp e evaporator. ] I'n the fourt

aspect of the present nvention, gas refrigerant in t i t
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(33) to the suction _side of, the Qonprgfsor %13)_.The refn{§?§gﬁt K OWQ&ate
in the gasCompeeser bk pralsagiasant amuit D). ¢ dnileghirigrany copat i & SHIP RS gas
flowrate control mechanism (34). For exanple, if the density of

ref ri ger antefiigdrah fiam theawapdraton ORGpenéBrpcasBigerapt adiugeephiak é@esé@éf‘?
high as it enters the wet state, the anount of refrigerant passable

t hr ough t heoropmpve 6550 Kir(WsSatusated gesrefregeced 3 thelrgirigaragead) sstaeniienk g4 he
anmount of refrigerant passable through the expander (16), thereby .
produci ng fdoe3possilhithd thyrdtabgdct bhide pedsentgaveatioonhe ydtigerantghljpriesmusnk (fdyis
not be set to a proper pressure |level value. If, in such a case, gas
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suction side of the conpressor (15), this decreases the density of
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refrigerant from the expander (16) once enters the refrigerant adjustment tank (14). And,
saturated liquid refrigerant in the refrigerant adjustment tank (14) is supplied to the
evaporator,
[0024] In the fourth aspect of the present invention, gas refrigerant in the refrigerant
adjustment tank (14) can be supplied through the gas injection passageway (33) to the suction
side of the compressor (15).  The refrigerant flow rate in the gas injection passageway (33) is
controlled by operation of the gas flow rate control mechanism (34). For example, if the
density of refrigerant which is drawn into the compressor (15) becomes excessively high as it
enters the wet state, the amount of refrigerant passable through the compressor (15) becomes
excessively large relative to the amount of refrigerant passable through the expander (16},
thereby producing the possibility that the refrigeration cycle high pressure may not be sct to a
proper pressure level value. If, in such a case, gas refrigerant is supplied through the gas

injection passageway (33) to the suction side of the compressor (15), this decreases the

density of refrigerant which is drawn into the compressor (15) whereby the amount of



refrigerant passable through the conpressor (15) is balanced with the
anmount of refrigerant passable through the expander (16). [0025] In each
of the fifth, sixth, and seventh aspects of the present invention, the high
pressure of the refrigeration cycle which is perforned in the refrrgerant
circuit (11) is set to a higher pressie |level value than the critical
pressure of the refrigerant In other words, the refrigerant discharged

fromthe coppre is.,n the super e i xth
aspect of TFEEE fﬂni %b]l hVB‘rlﬁhi tglﬁ CORREs O5rqﬁ)d%b Cr“r%é’ﬁéh t(hg(‘%'%%%ﬁ Otrljggré&&(?%

whi ch controls the Iiquid flow rate control nechanrsn1(32) V%en t he

cont r ol | erPaggERksthiagigh t ec‘iiﬁ’@?‘@ﬂrelft%he liquid fl ow rate control nechanism
(32), the flow rate of refrifgerant which is upplied through the |iquid
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varied. Wth such variation, the suction refrigerant of the conpressor (15)
changes i tigesssteaifeharedi gdmlcrmnclege]mahnis mirohed getht esfjerranurisugfibheset to a
conpressor (15) changes as well. And, in order that the tenperature of

refriger antipyhipedysins 1@lle$cz!ﬂaégﬁﬁttd@mchh@em@mﬁssmfngaﬁ)t vy otheawerda, the
predet erm ned control target val ue, the controller neans (90) controls the

T guid 11 Qg akOREEA! CORGRANATL(IANS) & AR ahyrdegul ke, the amount of
refrigerant which Is's pplie the conpressor (15) fromthe liquid

0 ection BaseRgenay ul-3him ot %Q?Jﬂ%gmtaﬁ iBRUEDS T AORRHIcOhokA 0B BMided

i nventi on, cont provi d ch controls both the

MERRIR AN ”tléﬁ@ui%ﬁ%‘r‘f‘?a#téQﬁtrééaecﬁ%ﬁ%aq o R RIEPRR QD

rate control pechanism ( 32% the fl raté fr| ntf Wha ftml o
suppl i ed t9PBAALS h@‘ﬁrﬂ(ﬁ’&i‘&eci%flélc‘tlF RES &Sélt%ﬁot’é Be fRE 2 PR E si de
of the conpressor (15) is varied. On the other hand, C% the controller
means (90)supplindbranghitee Gawd fnjewonaresagotis i) HelBR ARGtOm &4 f ihg pRIPIEFSYy

rate of refrigerant which is supplied through the gas inject i onl_g)assageway
(33) to tHh@5)swaticdn Wideudf varionohpresisorefiizsyni of tharemmesyr () Shapges its
variation, the suction refrigerant of the conpressor (15) changes its
density anghté bed nefreirgerantisdisghangerateapéiatconprofort (18) cleopprassedl  (AU8)
changes as well. And, in order that the tenperature of refrigerant which is
9 in order that the temperature of refrigerant which is discharged from the compressor (15) may
have a predetermined control target value, the controller means (90) controls the liquid flow

rate control mechanism (32) to thereby regulate the amount of refrigerant which is supplied to
the compressor (15) from the liquid injection passageway (31).

[0027] In the seventh aspect of the present invention, the controller means (90) is

provided which controls both the liquid flow rate control mechanism (32) and the gas flow

rate control mechanism (34). When the controller means (90) controls the liquid flow rate
control mechanism (32), the flow rate of refrigerant which is supplied through the liquid
injection passageway (31) to the suction side of the compressor (15) is varied.  On the other
hand, when the controller means (90) controls the gas flow rate control mechanism (34), the
flow rate of refrigerant which is supplied through the gas injection passageway (33) to the
suction side of the compressor (15) is varied. With such variation, the suction refrigerant of

the compressor (15) changes its density and the refrigerant discharge temperature of the

compressor (15) changes as well.  And, in order that the temperature of refrigerant which is




di scharged fromthe conpressor (15) nmay have a predeterm ned control target
value, the controller neans (90) controls either the liquid flow rate
control nmechanism (32) to thereby regulate the anount of refrigerant which
is supplied to the conpressor (15) fromthe liquid injection passageway
(31) or the gas flow rate control nmechahi sm (34) to thereby regul ate the
anmount of refrigerant which is supplied to the conpressor (15) fromthe gas

i njection ssa y . (33) [00 In the ei tha ct o present

i nventi on, ‘iq% E&OPb‘théPmmmr ?bd?aff éaveﬁr}g ‘%& %‘Wtré)j) g @u?ﬁg i quid
flowrate control mechani sm (32). \Wen the controller neanps ((33 % tﬁ brol S
the |iqui doniroligrmagass é%})tcpbﬂrdﬁééh@ﬁh%hﬁﬂ(l@ﬁ)ow pigeoniralyneehagisgr (32e oy Bnt
which is supplied to the suction side of the conpressor (15 fromt.he_

| i quid i njregilitorthe passagéveligérad)whish wsawuppld:d tartk ¢heprsssor (Idn fioatf ted@piint  of
the conpressor (15) changes its state. And, since the discharge

refrigeranhjeefiort hsGRMRY €SB el mﬁafmgeeammbsme}mustny(z.ct) hethdahgiregulaé the
refri gerant which flows into the expander (16) also changes. Wth such

change, thg,ohebf I‘eﬁ‘?ée%ﬂt%hﬂygs@pﬂ]legho H{WI&SMS{ gogstha oehiaf@ton
Therefore, the controller neans (90) controls the liquid flow rate control

mechani sm reby regulate the amount of refrigerant which is
suppl i ed tp( §%e&gof#§§essor (15) fromthe liquid injection passageway (31)

in order t t he high sure the refri 0

per f or med [Hﬁ'ﬁgt Ihe r &Y 81 g%%lﬁﬁf‘s?e@i 9%8? Prefﬁ)mvng{gmﬁtthe gon(f%?lglg%ﬂt%e]{rsmbWeg control
target value., [00 In the ninth_aspect of the_ prese on, t
control | erprﬁ‘@g%x\’}%g%\)mpgol@ﬂgﬁ“l%g ﬂOW’F}P@WC’EBﬁItrPB‘ﬁ@mﬁ& (ﬂE } l?lbthetfo?ﬁr@\%rr ate
control nechanism (32) and the gas flow rate control ﬁ ani sm e%é})é VWhen
the cont r dhtass (YBansirpigd)e band lorgatcrentpduedapisev3thtle Carrier! HaMi sm
(32), the flowrate of refrigerant which is supplied through the liquid

i nj ecti on wipals sayepkagd ©319 stcton bigle 9l dtei compsésder (3F) frpm thoHprddyeetiqnls) | s
varied. On the other hand, when the controller neans (90) controls the gas
fl ow rat e menpewhy (Ag Iiravrir'&m {34)e sudien it foigeranagfghefomprfesioy €rarhavgss oh siag.
supplied through the gas injection passageway (33) to the suction side of
t he conpr Q@r&pfsln(:éﬁ)e dischveirefligetahit dh@e kb@picdsdr I( D3y chat g séBniendly, thedbasiiysih

(32) and the
refmgerant which flows into the expander (16) also changes. With such change, the
refrigeration cycle high pressure undergoes a change. Therefore, the controller means (94)
controls the liquid flow rate control mechanism (32) to thereby regulate the amount of
refrigerant which is supplied to the compressor (15) from the liquid injection passageway (31)
in order that the high pressure of the refrigeration cycle which is performed in the refrigerant
circuit (11) may have a predetermined control target value.
[0029] In the ninth aspect of the present invention, the controller means (90) is provided
which controls both the liquid flow rate control mechanism (32) and the gas flow rate control
mechanism (34). When the controller means (90) controls the liquid flow rate control
mechanism (32), the flow rate of refrigerant which is supplied through the liquid injection
passageway (31) to the suction side of the compressor (15) is varied. On the other hand,
when the controller means (90) controls the gas flow rate control mechanism (34), the flow

rate of refrigerant which is supplied through the gas injection passageway (33) to the suction

side of the compressor (15) is varied. If the liquid flow rate control mechanism (32) and the



gas flow rate control nmechanism (34) are controlled in this way, the
suction refrigerant of the conpressor (15) changes its state. And, since
t he di scharge refrigerant of the conpressor (15) changes its density, the
density of refrigerant which flows into the expander (16) also changes.
Wth such change, the refrigeration cydDe high pressure undergoes a change.
Therefore, the controller neans (90) controls either the liquid flow rate

trol hani 32).to.th | at.e .t.he . i ch
o suppl | i~ 15" HE BprBELBRra MRS R i RSN by BlsebButhiaglanl ! ©
(31) or the gas flow rate control ne h(;mismcﬁﬁzh)é to Iher?bg regul ate the
amount of GoBTI¢s§erdat chameemits %3t§upﬁpqiéﬂlcﬁéh°c schagespiieepint ph 85 CPPBIRSTHe

gas injection passageway (33), in order that the high pressure of the

ref ri ger at(®hcheyedsdiswisnsity, tieglepeitf efrraigerant whishfkrys igerthaexrandeil) §49) may
have a predeterm ned control target value. [0030] In each of the tenth,

el event h, chatdsweMithsual peates, thé réfligerpti@sente high erasiwoa unddrgoesciomengt. | er
means (90) sets, based on the operational state of the refrigeration cycle,

a control THaBR! (hé@&bHRolldrin@as @HDP}Bgntrdlh_@itlfe@ﬂie{]ﬂiuﬁcﬁﬂoﬁ&@tﬁ_&oﬁ&ﬁl)mdﬁhﬁlsm nes
a control target value so that the refrigeration cycle high pressure has

an opti mal (3Y)aijol{ﬁergw I%igﬂl%p:' ﬁee hgl?glgt & Q@f!iiﬁ&iaﬁﬂ@hicﬁti@fhﬁ)gﬁéd totthe cérpRssol @311 I n

the thirteenth aspect “of t ent 1 nvention, carbon dioxide (CQ2) is
used as Jefri ggr ant. i th which t [ (CESSHI it ddisth $adih | ed
up. WORKI %@YEEEEI oF pﬁwyﬁ%%ggé%%&?h% pr esenT% }][n\}sen?i gn, t he
l'iquid injection ssageway ( Is arranged in,.t refri I j .t
(1), i ChesY g saessririsddl BRETU- 5P Bk SRR AT s
refrigerant to the suction side of the conpressor (1 t hr.ough the |igujd
i nj ect i on S5a¥YERAPssaggTyy (fhdR ofdsT iRt g‘ﬁ«rg‘)%’t PIGERATe %]15%{‘? éeq’tlﬁ%fg“% WClec\ﬁﬁ@h an
i mbal ance between the anmount of refrigerant passable through the
conpr essons paB)rmgddn theerchiasrmt ciofuit @) mgeharra padeaprised eHo) e yalue.
expander (16) unless a certain counterneasure is taken, these anounts are
bal anced P9} ]eachlmtdvérofhlye supptlyvangh, land el fthefpacgerfain preesnt Heesiiet itsn
side of the conpressor (15) to thereby control the suction refrigerant
density ofcohthiellongane s80 sets impediethe byetatiendiisghe dfthe refrigeration cycle, a control

target value. In so doing, the controller means (90) determines a control target value so that

the refrigeration cycle high pressure has an optimal value obtainable in an operational state at

the time.

[0031] In the thirteenth aspect of the present invention, carbon dioxide (CO,) is used as

a refrigerant with which the refrigerant circuit (11} is filled up.

WORKING EFFECTS OF THE INVENTION

[0032] In the present invention, the liquid injection passageway (31) is arranged in the

refrigerant circuit (11), which arrangement makes it possible to provide a supply of liquid

refrigerant to the suction side of the compressor (15) through the liquid injection passageway

(31). Even in an operational state that will cause an imbalance between the amount of

refrigerant passable through the compressor (15) and the amount of refrigerant passable

through the expander (16) unless a certain countermeasure is taken, these amounts are

balanced with each other by supplying liquid refrigerant to the suction side of the compressor

(15) to thereby control the suction refrigerant density of the compressor (15) whereby the high




pressure of the refrigeration cycle can be set to an adequate pressure

| evel value. [0033] In the way as descri bed above, according to the present
i nvention, the anount of refrigerant passable through the conpressor (15)
and the amount of refrigerant passable through the expander (1.6) can be
bal anced with each other while introdudilng to the expander (16) the entire
refrigerant after heat dissipation as it is. Accordingly, according to the

present i guenld b BRI ROSHIIRLe: banadtahhd ssdrbRlanarbet ween t he

annunt of ger ant assi ng through the conpressor (15) and the anount

refri 9efy ag@afgszﬂggw gsu@e Aot %ab%@%gg&g nglc@me £97f &R BnCkhet a%um of

operat|ona reducingt power recoverable in
t he expander, (16). [0034 |aII he urth as resent

i nventi on, m&ﬁ%”?%???@%@é P H@“W¥%$ é} 33?@3?ﬁ§ﬁ?%§gﬁﬂ{ %%lcan be
supplied to the suction side of t he conpressor g $ ecti
passagewaythf@zh thereraaader(d6) wadshalanged itk ﬁ@}ﬁ%hﬁrt‘ﬁll Splequel I’Pﬁ;é %ﬁ ‘(ifﬁt
invention, even in an operational state that will cause the anmount of

refri ger anfl6passabieectiguroughertivet diosipstamsont it 15)ctadivatomsoriepipsihg gresent
relative to the anmount of refrigerant passable through the expander (16)
unl ess a cirt@ion, & UEdRESRASUIeo ieStabléskerhalirce bemere she qpossi bf eliigerast abl i sh
a bal ance between the anount of refrigerant passable through the

conpr essor pdsdiay 1a0tsH fhe cBmpitorqli sy slirthoehamnt: Pasgsiabhet phsiog ghotidhethexpander
(16) by supplylng gas refrigerant to the suction side of the conpressor

(15) from é)&%n% (?)P,r‘]e%&tdl&g of BR:PESEVAA sta?3dnd \[&/Rﬁ)ﬁﬁlreduﬁlr%QH@alﬁguﬁtQﬁf best h,

el event h, aspects of "the present 1 nvention, controller
means (90) control val ue which provides an optlnal CoP
obtalnablelelc‘?f‘;el ﬁ HHJFSFP%ﬁgﬁggﬁate at the time. Therefore, according to
the tenth ﬁﬁpgft of _the

l.nvent i not
refrigeran ssabﬁ%mfﬂ?@% ‘?ﬁgm@bﬁﬁfgégg }?igyPﬁﬁ%HQ% ggﬁ%ﬂd¥¥£ﬂfntw
refrigerant passable through t he expand Q q can be baéﬁnced W th Eﬁﬁw
ot her, butrefiagesst pRRS O kA3 Cﬂe@ﬁavm k?F] pfliceHElMETAT FePa EPBR SR Pan
be Optlnlzed BRI EF DESCRI PTI ON OF THE DRAW NGS 12
the gas injection passageway (33). Therefore, according to the fourth aspect of the present
invention, even in an operational state that will cause the amount of refrigerant passable
through the compressor (15) to become excessive relative to the amount of refrigerant
passable through the expander (16) unless a certain countermeasure is taken, it becomes
possible to establish a balance between the amount of refrigerant passable through the
compressor (15) and the amount of refrigerant passable through the expander (16) by
supplying gas refrigerant to the suction side of the compressor (15) from the gas injection
passageway (33).
[0035] In each of the tenth, eleventh, and twelfth aspects of the present invention, the
controller means (90} sets a control target value which provides an optimal COP obtainable in
an operational state at the time. Therefore, according to the tenth aspect of the present
invention, not only the amount of refrigerant passable through the compressor (15) and the

amount of refrigerant passable through the expander (16) can be balanced with each other, but

also the operational condition of the refrigeration cycle can be optimized.

BRIEF DESCRIPTION OF THE DRAWINGS




[00361 In the drawings: Figure 1 is a plunbing diagramof a refrigerant
circuit in an air conditioner according to a first enbodi nent of the
present invention; Figure 2 is a Mllier diagram (pressure-enthal py

di agram) which represents refrigeration cycles perforned in the
refrigerant circuit; Figure 3 is a pluriBing diagramof a refrigerant
circuit in an air conditioner according to a second enbodi nent of the
present i ion; Figure 4 is a plunbing diagramof a refrigerant circuit
in an airqéﬁﬂﬁitioﬁéﬁ%é%@6W@an to a third enbodi nent of the present
invention; Figure 5 is a plunbing diagram of a,reftigerant(gchuit in an
ai r condi t i onefigaiedosdinkgnbivg diacrsn of A rERBEANRIFITER 27 AR CRRUERRTT aFFRIRE DN,
Figure 6 is a plunmbing diagramof a refrigerant circuit in an air

condi t i onerfiracaobaiimgnt o thapfesens tnveredipl ary variation of the fourth

enbodi ment; Figure 7 is a plunbing diagramof a refrigerant circuit in an
ai r condi ti oneFigaeoikdi Mglliep diagraseGoetuexanl ar diagram) atidrepfes¢tfie fourth
enbodi ment; Figure 8 is a plunbing diagramof a refrigerant circuit in an

ai r condi trEf?%%Fati%ﬁ%gél‘ég P& férhedan i reficexmmphany variation of the fourth
enbodi nment; Figure is a plunbing diagramof a refrigerant circuit in an

air conditioneg, 1. i i i, : BBheriaBMe B O
Figure 10 is glf%ﬁnﬁz_%s%dﬁ%lnbﬁg d?agﬂ‘oérﬁto@a?ém%gaﬂﬁﬂkuﬁ_l1Taﬁ'§1rfé_6ﬁc§i erla iinky

agram a refrlgerant circuit in an air

conditioner according to a, sixth e iment of the present invention;
Figure 11 Rt ?lﬂ%qqﬁlﬁmd?fgg?%rr#%nft%{amﬁg 1g:ager ant circuit in an air
conditioner according to a seventh enbodi nent .of .t.he present. | nv 11on;
Figure 12 is al'Q B AOE AP nBR AR M ??é‘?f%igﬁréipé\ﬂfcugimgﬁlgltr Cplﬁ&gﬂﬁ%iargwrhﬁg ©
conditioner according to an eighth enbodi mrent of the present invention;
Fi gure 13 4 tird cpibgdisnay ofithegressionvelio8f ri gerant circuit in an air
condi ti oner according 13 . _ . )
Figure 5 is a plumbing diagram of a refrigerant circuit in an air conditioner according to

a fourth embodiment of the present invention;

Figure 6 is a plumbing diagram of a refrigerant circuit in an air conditioner according to
a first exemplary variation of the fourth embodiment;

Figure 7 is a plumbing diagram of a refrigerant circuit in an air conditioner according to
a second exemplary variation of the fourth embodiment;

Figure 8 is a plumbing diagram of a refrigerant circuit in an air conditioner according to
a third exemplary variation of the fourth embodiment;

Figure 9 is a plumbing diagram of a refrigerant circuit in an air conditioner according to
a fifth embodiment of the present invention;

Figure 10 is a plumbing diagram of a refrigerant circuit in an air conditioner according
to a sixth embodiment of the present invention;

Figure 11 is a plumbing diagram of a refrigerant circuit in an air conditioner according
to a seventh embodiment of the present invention;

Figure 12 is a plumbing diagram of a refrigerant circuit in an air conditioner according
to an eighth embodiment of the present invention;

Figure 13 is a plumbing diagram of a refrigerant circuit in an air conditioner according




to a first exenplary variation of the eighth enbodinent; Figure 14 is a

pl unmbi ng di agram of a refrigerant circuit in an air conditioner according
to a second exenplary variation of the eighth enbodinent; Figure 15 is a
pl unbi ng diagramof a refrigerant circuit in an air conditioner according
to a third exenplary variation of the dBghth enbodinent; Figure 16 is a

pl unmbi ng di agram of a refrigerant circuit in an air conditioner according
to a fourth enpl ary var.i. tlo of .t nbodi ment; Figure 17 is a
pl unbi ng dP&'Iﬁﬁgﬁ ﬁ“¥¥?¥?6@r2HF”3$?§5H®QE%&§% air conditioner accordlng
to a ninth enbodi nent, of the present ntlon ure 18 is

di agram of a rEERicgeigaP @pplggﬂtagra,mg 2% g?f%‘ﬁcﬁ’rlc\“gﬁje?n 3’68%}%1%% au{'grd‘ﬁ]g
tenth enbodi nent of the present invention; Figure 19 is a plunbing diagram
of a refritgersapandoixemplary viriaionail thecoglgh embadimesEcor ding to an exenpl ary
variation of the tenth enbodi ment; and Figure 20 is a plunbing diagramof a
refrigerant ciFiguretlsin a@muxabmgdmgdanu b Hm exfrigaremirogtionid in arpaineonaliewnsh pepording
enbodi ment of the present invention. REFERENCE NUMERALS I N THE DRAW NGS

[0037] 10 @iarthg@bihplanerariafiel 61 Geerhiombabaeat us) 11 refrigerant circuit
14 refrigerant adjustment tank 15 conpressor 16 expander 31 |iquid

I njection i neF%{lfeqM idal 1ﬁ9i‘h%‘a§hg%§§P-Q?é@ﬁg’éra§t?e1ﬂchﬁﬂi gh St eendietcr otcovdhye
(Iqu|deowraecontr anism 33 gas injection line (gas injection

passageway), a%uxgl?&e%'uggrycﬁﬁtaﬂ&l ol ¥1%]1{119§§ch51|119¥\!1§ ate control nechanism 14

Figure 17 is a plumbing diagram of a refrigerant circuit in an air conditioner according
to a ninth embodiment of the present invention;

Figure 18 is a plumbing diagram of a refrigerant circuit in an air conditioner according
to a tenth embodiment of the present invention;

Figure 19 is a plumbing diagram of a refrigerant circuit in an air conditioner according
to an exemplary variation of the tenth embodiment; and

Figure 20 is a plumbing diagram of a refrigerant circuit in an air conditioner according
to an eleventh embodiment of the present invention.
REFERENCE NUMERALS IN THE DRAWINGS
[0037]

10  air conditioner (refrigeration apparatus)

11 refrigerant circuit

14 refrigerant adjustment tank

15 compressor

16 expander

31 liquid injection line (liquid injection passageway)

32 liquid side control valve (liquid flow rate control mechanism)

33 gas injection line (gas injection passageway)

34 gas side control valve (gas flow rate control mechanism)



90 controller (controller means) BEST EMBODI MENT MODE FOR CARRYI NG OQUT THE
| NVENTI ON [ 0038] Hereinafter, exenplary enbodi nents of the present
invention are described in detail with reference to the acconpanyi ng

drawi ngs. FI RST EMBODI MENT OF THE | NVENTI ON [ 0039] Hereinafter, description
will be made in regard to a first enbodédnent of the present invention. An
air conditioner (10) of the first enbodinment is conposed of a

refrigerati ont%@p%%&fe@g@&r{)ﬂgﬂ%%gt_he present invention. [0040] As shown

in Figure 1, arr con I-oner is provided with a refrigerant

circuit ( i Lrheuit ' ' ' harged with
car bon di éé#ﬁ@%&&i&}f@%ﬁFf(?%rﬁiﬁ#mméﬁgﬁﬁﬁ{@#&tﬁh*( 1)

i ncl udes a conpressor an expander an out door  heat excq{%n ger
(12), an ilR4ddk hedier@lsaéﬁﬁ%rn@@mm%)embaﬂwwQﬁth@ PEPE iNVeRAPRI AR HSHE bed

(14). In addition, the refrigerant circuit (11) further includes two

f our - way @ﬁaltwﬁhvfiﬁmse(Oztheam)npﬂpmgﬁla\ﬁogﬂq the conpressor (15) and the
expander (16) are inplenented by positive- displacenent fluid nachi nes such
as sw ngi NBIRSB EMBOYIMENTOY THRIN VERTTIONS, rolling piston type rotary
fluid machines, scroll fluid machines et cetera. Together with a notor

(17), the [©oBPr essMeréihdlera@etfeoroxpaitdideih@ead & HAkS efbbdin@nsbNGE €
casing. Although not shown diagranmatically in Figure 1, the conpressor

(15), the ), Leby a
single shaIi?f téﬁ%pg%%%t](&got%@%ﬁgmca)%?%%?mr)\gggh @efirgt;\ég%gog?{%ﬁq% E&H&S étaﬁeOflgndoor

heat eXCh%ﬁgJeba(tfo%)agﬁgr?lte algpélg % ﬁl%d)l?éyse ﬂquﬂ%nt ube heat eXChangerS for

heat exchange era addition, the refrigerant

o or " ToBBI, £t ngrth ”&565 E@ﬁ? %@'CP%@U%?%%'W” Mg e e(*a%?d 22)

has four ports. The _four- switch val vesdg are .sel eCtI&/
oW t chabl SR ke A0f Felgecabuieny i ca e Bee vr%mrged with carbon dioxide

(COy) as arefrigerant. The refrigerant circuit (11) includes a compressor (15), an expander
(16), an outdoor heat exchanger (12), an indoor heat exchanger (13), and a refrigerant
adjustment tank (14). In addition, the refrigerant circuit (11) further includes two four-way
switch valves (21, 22).

[0041] Both the compressor (15) and the expander (16) are implemented by positive-
displacement fluid machines such as swinging piston type rotary fluid machines, rolling
piston type rotary fluid machines, scroll fluid machines et cetera.  Together with a motor
(17), the compressor (15) and the expander (16) are housed in a single casing. Although not
shown diagrammatically in Figure 1, the compressor (15), the expander (16), and the motor
(17) are coupled together by a single shaft.

[0042] Both the outdoor heat exchanger (12) and the indoor heat exchanger (13) are
implemented by fin and tube heat exchangers for heat exchange between refrigerant and air.
In addition, the refrigerant adjustment tank (14) is a tank shaped like a longitudinally
elongated cylinder.

[0043] Each of the foregoing two four-way switch valves (21, 22) has four ports. The

four-way switch valves (21, 22) are selectively switchable between a first state (indicated by



solid line in Figure 1) in which the first and third ports fluidly

comuni cate with each other and the the second and fourth ports fluidly
comuni cate with each other and a second state (indicated by broken |ine
in Figure 1) in which the first and fourth ports fluidly comunicate wth
each other and the second and third poflts fluidly communicate with each
other. [0044] Hereinafter, description will be made in regard to the

configurat] of .the refrigerant .circuit (11).. The suction and di scharge
o des or e Bbut B sFRrEe sé Rttt iR e B R SOt SRS
and first ports of the first four-way switch valve (21).. The third and
fourth pora[“g tht the pecond agd f@la’mpmyﬂtg%tcewnmw Wﬁhfﬂ%»%h%rcﬂqﬁéé@@a{d state
respectively, to one end of the outdoor heat exchanger (12) and to one end
of the i ndbwhicatesidty rrlémalierein Figurg)l) immvhich tifiq Bist ambfoutih ppowileiddescrohunipate
expander (16) are connected, respectively, to the third port of the second
f our - way swith edvhwdborend #2)seand dnd thiné ponppenidbi denrodinitdie wikfaatlgethant

adj ustment tank (14). The lower side of the refrigerant adjustnment tank

(14) is cqomeqted tHereihdferfdessdRiopatill b@fmzicféﬂn$%§1£mﬂb the usnfiyatini dfele val ve
(22). The first and second ports of the second four-way sw tch valve (22)

are connegtg era'h?%ipﬁgtt(itﬂ'fl YhhelsBcti Barl A&haRReiRE of 1 BHHAQSE: (158AL

exchanger (1 an he ot her end of the 1 ndoor heat exchanger (13). In

the refri Q%Eﬁ%tted, Féspgﬁtefng blhe {38 L6 hl-s%&g{mglﬁv&mﬂ% AterihRe o)

di sposed along a’'re erant circu ron p ext endi

expander (46).t0 ejther the t door. heat exchanger (12) or the indoor, heat
exthanger CHE i oREhabPE Rt BeolE My SETEPBRE QU Mesiag i stsPectin!
refrigerant circuit (11) includes a liguid injection ]Jine (31) which

const It ut 48 OTG e ?ﬁﬂla Owﬁpw%ﬁx a%%eaé&wdé%anfaa&a&f t{an“élEP‘i bt prohanges )

whi ch constitutes a gas injection passageway. One end and the other end of
the |iqui d1¥nj dbeidflow prboytBey sdes of drareprrdsr (16)aspernpded.yespeetitehe lhdEet om
side of the refrigerant adjustnent tank (14) and to the suction side of

t he conpr ésisbport 86dhe sBicgddsedway onigelt vrdvd (2guria fortheoppconideionehe(r8ii)zciant a
liquid side control valve (32) as a liquid side flowrate control

mechani smaddsenaincind{dld) hdhetlbweer stdedofahe tdfiggerg@udjrjneatt itak (Il ine codR)tedne
connected, respectively, to the top side of the refrigerant adjustnent

tank (14) tanfbutth pbR@recieb O futlova9fswiibR vaI08PI9S S The (ilsphnd Bicopopeds & Bng

the gas injection 16
second four-way switch valve (22) are connected, respectively, to the other end of the outdoor
heat exchanger (12) and to the other end of the indoor heat exchanger (13). In the refrigerant
circuit (11), the refrigerant adjustment tank (14) is disposed along a refrigerant circulation
pathway extending from the expander (16) to either the outdoor heat exchanger (12) or the
indoor heat exchanger (13), whichever functions as an evaporator.
[0045] The refrigerant circuit (11) includes a liquid injection line (31} which constitutes
a liquid injection passageway and a gas injection line (33) which constitutes a gas injection
passageway. One end and the other end of the liquid injection line (31) are connected,
respectively, to the bottom side of the refrigerant adjustment tank (14) and to the suction side
of the compressor (15). Disposed along the liquid injection line (31) is a liquid side control
valve (32) as a liquid side flow rate control mechanism. One end and the other end of the

gas injection line (33) are connected, respectively, to the top side of the refrigerant adjustment

tank (14) and to the suction side of the compressor (15). Disposed along the gas injection



line (33) is a gas side control valve (34) as a gas side flow rate control
mechani sm Both the |iquid side control valve (32) and the gas side
control valve (34) are inplenented by notor- operated valves and the
openi ng of these valves is variable. [0046] The air conditioner (10) is
provided with a controller (90) as a cdbtroller neans. The controller (90)
is configured such that it controls the opening of the |iquid and gas side

control val.ve 32, 34). More specifically,. contraller 0) set a
cont r ol taL’@f‘eég’S/é‘?l s sile conrelafaNpAPthas g%ﬁ@te&g?‘)? faéfé?%‘)?meégﬂé e Bothife
tenperature of the conpressor (15@ and controls the opening of {he Iiguid
and gas si Heuid sislercontrelaialred32)pmd taayassida geatrol ylve i are Hnplaadisdly motor-
refrigerant discharge tenperature of the conpressor (15) becones the
control taogested ahlves ardrthe opaongef, thedeerabsnis eirlable. (90) sets, as a control
target value, a value of the refrigeration cycle high pressure which

provi des appoapt i mal Tieosf ddnditentr @D) Rerdddaawie a(CCOR) ldr¢@0)tde conebliirgeraas.i on
cycle obtainable in an operational state at the tinme. RUNNI NG OPERATI ON

[0047] Her ehoadidifiler @@if‘srd.oﬁﬁ%&l@d%d}ﬂ thPS: BRER1d the bBEGARE of Mclia@idaperat tida of
the air conditioner (10). | NG OPERATI ON MODE [ 0048] During the cooling

operation &?1?1%1 \f&lngs {32[ %{) a%r§ %%a@%ﬁﬁ%%rﬁl\é@ g}gb’lg_sé/t'g’g'a\é%%onﬁ-glr]]{grg%‘z‘)alé’é,g

set to the rst sta I’'ndi cat I ne | Igure 1),
refrigerant i circulated in the refrigeran h I .CUl )1 kN higgt 1 on
i ndi cat ed %%ei g O?ﬁlﬁé‘:%g? 5w ﬁglﬁc f&guF Iélgerfﬁu %Zﬁﬂhﬁ %H{n]%ree(s%%r&%)naéﬁggg?gltsi on
node, the outdoor_heat exchanger (12) functigns,as a.gas _cooler while on
The ot hor WBHRPA HLE HaBgrnast S‘%&éﬁﬁ%‘)ﬁbéﬁl‘i"?ﬁ@?’ FIR R gy E/aSH at or .
[0049] More specifically, supercritical refri gler ant di schargeg fromthe
conpr essor refrigyantidisharek tereparsereqftiosrmeser thod Rasyers tha oyntign Hrght¥alifat es
heat to outdoor air. Thereafter, the refrigerant enters the expander (16).
In the exphnuetoifd @)e cantrellem®Pbswty, ef £ cgsramtrgetsabpaalag of Bwdeligsiation sycle
power is transmtted to the conpressor (15). The outflow of gas-liquid two-
phase r ef r highpastuikrmdtielt freviekpandetim{l 6} NenterSparfremaede ((gENdnt thadj ust nment
tank (14) where the 17

refrigeration cycle obtainable in an operational state at the time.

RUNNING OPERATION

[0047] Hereinafter, description will be made in regard to the operation of the air

conditioner (10).

COOLING OPERATION MODE

[0048] During the cooling operation mode, the first and second four-way switch valves

(21, 22) are set to the first state (indicated by solid line in Figure 1), and refrigerant is

circulated in the refrigerant circuit (11) in the direction indicated by solid line arrow in Figure

1. During the cooling operation mode, the outdoor heat exchanger (12) functions as a gas

cooler while on the other hand the indoor heat exchanger (13) functions as an evaporator.

[0049] More specifically, supercritical refrigerant discharged from the compressor (15)

flows into the outdoor heat exchanger (12) and dissipates heat to outdoor air. Thereafter, the

refrigerant enters the expander (16). In the expander (16), the inflow refrigerant is expanded

and resulting power is transmitted to the compressor (15).  The outflow of gas-liquid two-

phase refrigerant from the expander (16) enters the refrigerant adjustment tank (14) where the



refrigerant is separated into a liquid refrigerant and a gas refrigerant.
The outflow of liquid refrigerant fromthe refrigerant adjustnent tank
(14) enters the indoor heat exchanger (13), absorbs heat fromindoor air,
and is evaporated. In the indoor heat exchanger (13), indoor air is cooled
by the refrigerant. The refrigerant evdgorated in the indoor heat exchanger
(13) is drawn into the conpressor (15) where it is conpressed. HEATI NG
OPERATI ON MODE [ 0050] Duri ng thekge ting og&ratio .nmode, &Ee first nd.d
second f oUFITgSTANS i SeRatalpd i liquicyreireeyand apd & gps redrigerants o L8R UL R ¢f i
(indicated by broken line in Figure 1), and refri%ééant is circulated in

t he refri geframtant froguthe reftigyrantadjusemenitiandt (ldhenterd teandeprhgatxshanger (13
arrow in Figure 1. During the heating operation node, the indoor heat
exchanger abi@ps hendicnonsloasaia and ascvapahed. whi the imivot heat ektlengrdid), imieor

out door heat exchanger (12) functions as an evaporator. [0051] More

speci fi caldiyis cMREHG hd leGdcrarf I THEfe@Mderait sehigedid themdobehenrpiaagar(18)15)
flows into the indoor heat exchanger (13) and dissi pates heat to indoor

air. Thergahlgr 11'5_1%({%‘?\6 _c51§ Fls QR POLRNE RY ScdiGegxpander (16). In the indoor

heat exchanger ( i ndoor air 'is heated by the refrigerant. In the

expander (eléﬁ%%llsggokﬁm%dﬁ“?%% ant is expanded and resulting power is

transmtt ohpressor . The outflow of gas-liquid two-phase
refrigera ﬂérom e. ex der §16 .enters the refrigerant adjustnmen nk
(14) aher dOQHU' ot itGerdfi Fieghe SERAVE A T apo i e b P TR gt
gas refrigerant. The outflow of |iquid eféjger nt. .ron1§hed[%éri%§rant
adj ust ment(21-22R ayerse) tosthe spcong gEteibedsd e Rekinninddpue 12)anddpltigPEet Keat
fromoutdoor air, and is evaporated. The refrigerant evaporated in the
out door hedtculatddh drgrsfigerat cirguittldnin thadoeetios 1edapeeBE sFoken Sje gHevani t | s
conpressed. CONTROL OPERATI ON OF THE CONTROLLER [ 0052] How t he )
ref ri ger atHiguredy c Ceirplgahgksiting 9 poptemmiodndhe rdavehaaporehaiger (BY)ifardtions pha t he
opening of the liquid and gas side control valves (32, 34) is now
expl ai ned.gaf 08083] wiRed ef tHenghdrhahd gleroatddonhéa bxilgngerNd2) fuecti@isaguarvaporator.
(pressure-enthal py diagran), there are represented refrigeration cycles in
whi ch the nefri ger amdie @Y aROFAL] NPcRIASE WéRigbdanedischhfhed from the compressor (15)
flows into the indoor heat exchanger (13) and dissipates heat to indoor air.  Thereafter, the
refrigerant enters the expander (16). In the indoor heat exchanger (13), indoor air is heated
by the refrigerant. In the expander (16), the inflow refrigerant is expanded and resulting
power is transmitted to the compressor (15).  The outflow of gas-liquid two-phase refrigerant
from the expander (16) enters the refrigerant adjustment tank (14) where the refrigerant is
separated into a liquid refrigerant and a gas refrigerant. The outflow of liquid refrigerant
from the refrigerant adjustment tank (14) enters the outdoor heat exchanger (12), absorbs heat
from outdoor air, and is evaporated. The refrigerant evaporated in the outdoor heat
exchanger (12) is drawn into the compressor {15) where it is compressed.
CONTROL OPERATION OF THE CONTROLLER
[0052] How the refrigeration cycle changes its operational state upon the variation in the
opening of the liquid and gas side control valves (32, 34) is now explained.

10053] Referring to Figure 2 which is a Mollier diagram (pressure-enthalpy diagram),

there are represented refrigeration cycles in which the refrigerant evaporating pressure (i.e.,



the refrigeration cycle low pressure) is PL and the refrigerant tenperature
at the outlet of the gas cooler) is Tgc. It is assuned here that a

refrigeration cycle represented by A-B-C-D in Figure 2 provides an opti nal
COP in this operational state. In other words, suppose that the COP of the
refrigeration cycle is optimnmized when tlBe refrigerant discharge tenperature
of the conpressor (15) becones Td (i.e., when the the refrigeration cycle

hi gh b s PH).. 0054] . 1£, i - I 1] I

A S e R S R R
itical . th fri t ting i.e.. 1 .

el 11 gor alibAOS G irowl ot BEUT )G SOF RERUOh RN EPRRELY A P B he

conmpressor_ (nore specifically, the degree of superheat or wetness), and
the refri Jegan® freviger at eptenadiCQlh thisgpermbon@ staptit laother avouds, sprpopetal thej s
accordingly nakes it possible to specify a value of the refrigeration
cycl e hi ghiCQP essurefrichatiopcpue thesptan zaptvhealhe @I gofint dHechargdertemperatiron! the
cycle. [0055] Now suppose that a refrigeration cycle represented by

A -B - C - RQonipReskbiqub Pbedolries TH eI NGvIR@Ithotimadirigardtio cyelt higheprassurediecemit Py).
(11). At this tine, the state of refrigerant which is drawn into the

conpressor 0@514§) I ST th 4 BRcAlAlBpatriRQl BYcINin JhRh e febig@hantydld hidheredsatee of
poi nt A has | ower density than the refrigerant in the state of point A

| hi . | UV of - Liaui. . e o] .
nthis C%?(geesdlts ftheale’g%%?&ttﬁggéad Blgei%élﬂlg’ t‘igfréﬂigg%kﬁﬁ%&q%(?ﬁ{%ée PI?‘:S:J kAYled thd1) €ction

line (31) 7s arte ahount Igerant fromthe

liquid iniection li 31) Qs i q h P . N
ntlo the oS ELeBEI T BpnaE flse dna! Sy g T et b efhf e or
point AY and ., .its density ?gcones h&ﬁher. Lati?n W t thggincrease

. |
in the der8ftificadl: theeleprt of gercaiet o Ff&?ﬁss?@?]é?@s&%%??ﬁf@ tHEP LS8 850t (15)

the density of the refrigerant which flows into the expander ﬁ}G% | i kewi se
becomes hicghlsr ouits peedaienmingd, s rerordinglysyass Srosnkleite ey darve| ¥ of t he
tenperature Tgc in the direction in which the density increases, and gets
cl oser to refigentioCcydhdighefiessgerthti pavidyctreomind GrRakie sefPpeHalipef¥dses and
approaches the pressure PH, while the refrigerant discharge tenperature of
t he conpr §683%] ( 15Ndwaddppoantlaappimachies dyak represqérdatyuh’'eB T, -Dilve Faye 2 e
entire refrigeration cycle approaches an ideal refrigeration cycle, i.e.,
the refri geiaticoRnays iethe egrigsant @duby(1h: BACRs timeltigutse &f refifberant which is

drawn into the compressor (15) is in the state of point A’.  The refrigerant in the state of

point A’ has a lower density than the refrigerant in the state of point A, In this case, if a

supply of liquid refrigerant from the liquid injection line (31) is started or the supply amount

of liquid refrigerant from the liquid injection line (31) is increased, the refrigerant which is

drawn into the compressor (15) approaches the state of point A from the state of point A’ and

its density becomes higher. In association with the increase in the density of the refrigerant

which is drawn into the compressor (15), the density of the refrigerant which flows into the

expander (16) likewise becomes higher. Consequently, point C* moves on the isothermal

line of the temperature Ty in the direction in which the density increases, and gets closer to

point C. The refrigeration cycle high pressure P’y increases and approaches the pressure Py,

while the refrigerant discharge temperature of the compressor (15) falls and approaches the

temperature Ty, whereby the entire refrigeration cycle approaches an ideal refrigeration cycle,

i.e., the refrigeration cycle represented by A-B-C-D in Figure 2.



[ 0056] In addition, suppose that a refrigeration cycle represented by
A'-B"-C'-D' in Figure 2 is being perfornmed in the refrigerant circuit
(11). At this tine, the state of refrigerant which is drawn into the
conpressor (15) is in the state of point A'. The refrigerant in the state
of point A" has a higher density than tiBe refrigerant in the state of point
A. Inthis case, if a supply of gas refrigerant fromthe gas injection

line (33) j art r..the su anpunt of s refrigerant, fromthe gas
nect ton 18 Caayma8hickErandtl e d PRt fa e SRArRRT A BT B The
conpressor_(15) approaches the state of point A fromthe state of  point A"
and its deR&Ps2 Bergrsrerioshed in the refaggaptiicgh ()t nAf His Beer8as8s ¢f t he
density of the refrigerant which is drawn into the conpressor (15), the
densi ty of refingerpdfwhiglersaliawminte the cohgvessom{d 9) is hethexpandiepoints). |'Theew se
beconmes | ower. Consequently, point C noves on the isothermal |line of the
t enper at ur efifgearitnin theestdé nepdintoh” has alipldr dehetydbmsibe yefbeemmes thoweate, ofgocht
approaches point C. And, the refrigeration cycle high pressure P'H

decreases and InappeoRCTeSULAS ob %@@%ﬂﬁ @ridfrophibk @at Meectieh 1ing €314 staitaChange
tenperature of the conpressor 15) increases and approaches the

tenmperaturgplg, I t%??gsfﬁ&frhgg%it F8nf G LhIB e%%ibz?ﬁné:g@eég% in&@%e‘dfiﬁ@@if_ri%_&é]%e@'

refrigerationcycle, | refrigeration cycle resented by in

Figure 2. [0057) dllglﬁ)ﬁtintoqr%?&%@%%)%ml@lagglsggc}ﬁgg% dfle Bﬁg@gf@?r%{rﬁm@ SEO0L O

operation of the control cri previ e controller
(90) sets a.coptrol. target, val ue. for tPe refrigerant qdi schar enper ature
of 1 he comPagsor  e5etiE pEDBE T ircaft SO GHSTORE i B ook 805 SR REOF r om
sensors et cetera an actual neasurenment value of the the _refrigerant cycle
low pressiif R BTRED el B AR 0 e P RPLE Sorint e sHE OF Mgepgtserant which
tenperature at the gas cooler —outlet. In addition, the controller (90
pr e- st or esflowsing thgreapisisr 6§6) likewise beqoguas dpwercy Eloasdquantlp paigt G Boxerdon the
refrigerant tenperature at the gas cooler outlet, a value for the
r ef ri ger antotheingd hiar gé thederpperatute €. 0f thehlerectonmpinegigolr theiBpsinhacopesldvdes an
optimal COP of the refrigeration cycle. In so doing, the state of the
suction redmdiapercanhesqfoiith® comprlesetige(dihn cysle hgtepisetiraR” f dikloaws:anflor
exanple, "at a degree of superheat of 5 degrees Centigrade"” or "in the 20
approaches the pressure Py, while the refrigerant discharge temperature of the compressor
(15) increases and approaches the temperature Tg, whereby the entire refrigeration cycle
approaches an ideal refrigeration cycle, i.e., the refrigeration cycle represented by A-B-C-D in
Figure 2.
[0057] Next, description will be made in regard to the control operation of the controller
(90). As described previously, the controller (90) sets a control target value for the
refrigerant discharge temperature of the compressor (15). More specifically, the controlier
(90) gains from sensors et cetera an actual measurement value of the the refrigerant cycle low
pressure and an actual measurement value of the refrigerant temperature at the gas cooler
outlet. In addition, the controller (90) pre-stores, as a function of the refrigerant cycle low
pressure and the refrigerant temperature at the gas cooler outlet, a value for the refrigerant

discharge temperature of the compressor (15) that provides an optimal COP of the

refrigeration cycle. In so doing, the state of the suction refrigerant of the compressor (15) is

pre-set as follows: for example, “at a degree of superheat of 5 degrees Centigrade” or “in the




saturated state". The controller (90) perforns a cal cul ati on by
substituting a gained actual neasurenent value in a stored function and
sets a result of the calculation as a control target value. [0058] The
controller (90) conpares the set control target value with an actua

measur enent val ue of the refrigerant di2fcharge tenperature of the
conpressor (15) and, based on the conpare result, controls the opening of
the liquid and gas side contral ves (32, 34).. [0059]. For exanpl e
Suppose.t Rl et tal Teasurrel) Vot srealiiatioapy oRte (ot el
tenperature of the conpressor (15) is higher than the control target val ue.
| f, at tHnepsuiement Yahee assteied duncoar ol ngm yasult 94 ihejcgleplatipn as a seMTd tyed,
the controller (90) gradually reduces the opening of the gas side control
val ve (34)valuef, even when the gas side control valve (34) enters the fully
cl osed state, the actually nmeasured refrigerant discharge tenperature of

t he conpr g6838] ( 15)Xht somtdllel (d0) ghepachar sehenaohtar@t vilae géth avakual t he
controller (90) gradually increases the opening of the |liquid side control

val ve (32)neaQireiRft COMN EBRY refri SMPRAS&hhRA e AR r A6kl thBASHE &TR NES) Al iR sQf
the refrigerant discharge tenpéerature of the conpressor (15) is |lower than

(32) e 1 o hEb AR B ekl by U U g BRI PR RRL Rz 38 v

(32) n st the co gradual 'y reduces t

e o g0 e AT B PR

si de cont ate, the actually
measured refrigerant disc ge tenperature .of the conpressor (1 Ll
fal s bel Glehfies KoM o AnieronvelP et Cones b it B¢ sty ta@%ﬁ&ﬁ?@r y?ﬁ at
i ncreases the opening of the gas side control valve (34). ADVANTAGEOUS
EFFECTS othiyHmeriRers EVBopr MENTIEGHOT 11} therren dpte. besanttisaé?0@olvaby t he
first enbodinment, the liquid injection Iine‘§31) is arranged in the
r ef ri ger ameduses daioperfing pf thetsias hidaceargerbet34At | dasven wgnthe @y sigeeaniolt o be
supplied through the liquid injection [ine (31) to the suction side of the
conpr essowvalvé$34) enkaretheifnllpoloepenat thnattushateasutwatrefnigetant disslergn i nbal ance
bet ween the anount of refrigerant passable through the conpressor (15) and
t he anountem@ferstafd dfgBE anthpRa®s ald)es §thr Bided thAiethd tontrol target value, the controller
(90) gradually increases the opening of the liquid side control valve (32). On the contrary,
suppose that an actual measurement value of the refrigerant discharge temperature of the
compressor (15) is lower than the control target value. If] at this time, the liquid side control
valve (32) is in the open state, the controller (90) gradually reduces the opening of the liquid
side control valve (32). If, even when the liquid side control valve (32) enters the fully
closed state, the actually measured refrigerant discharge temperature of the compressor (15)
still falls below the control target value, the controller (90) gradually increases the opening of
the gas side control valve (34).
ADVANTAGEOUS EFFECTS OF THE FIRST EMBODIMENT
[0060] In the air conditioner (10) of the first embodiment, the liquid injection line (31)
is arranged in the refrigerant circuit (11), which arrangement allows liquid refrigerant to be
supplied through the liquid injection line (31} to the suction side of the compressor (15).

Even in an operational state that will cause an imbalance between the amount of refrigerant

passable through the compressor (15) and the amount of refrigerant passable through the



expander (16) unless a certain counterneasure is taken, these amounts are
bal anced with each other by supplying liquid refrigerant to the suction
side of the conpressor (15) to thereby control the suction refrigerant
density of the conpressor (15) whereby the high pressure of the
refrigeration cycle can be set to an a@é&quate pressure |evel value. [00611
As descri bed above, according to the first enbodi nent, the anount of

refrigerant S | e t hrough the conpressor, (1 and the a nt of .

Fof 11 gor arftPRRHEE REY Snisis b GgHATE ARt ERISATIIE 1 te&%& HestBathS R of b gath

ot her while sinultaneously introducing the entire outflow refrigerant from
the gas covhasbytsuppltimediqyadedigeramyo the suetignssideplche gpmpreysor 4EDIP BheiePY t o
the first enbodinment, it becomes possible to establish a bal ance between

t he anmpuntcoofrol thebudtparrafiigepasdémgy vhitheughmprdseorddfipwessoy the 153h pneskurcef the
anount of refrigerant passing through the expander (16), regardl ess of the

oper at i onatfrikatienandewht Bow 16 &6l bddqugictphessagentl vafic. power recoverable in
t he expander (16). FOOGZ] In addition, in the air conditioner (10) of the

first embqdbpgnt. 9asick&ivelI8h A hedodink ReHEE 5 HRIAMeRAhY 8hEBAL o flraRige ke
can be supplied to the suction side of the conpressor (15) by the gas

I nj ection | ne(#hen THE M9 ndnt Gefi|deft: ok MBBhon YN in
an operaﬁ%gﬁgktgﬁgggﬁpﬁgﬁ&%#ﬁPr@%ﬁgégg%enghgunteé#ﬁré?ﬁggerant ﬁ%ssable
t hrough the _conpressor 5) t.0 .heco excessive relative to the nt of
refriger aﬁf(pﬁ)lé%géﬁqﬁ &34 Rf g%‘aﬁceflﬁ’gﬂb%gﬁ’@éefr Vﬁ‘( Eé}mlﬂ}%flg%uss&yamg gltmé]il%th%%%lre
countermeasure i s taken, it becomes possible to establish a bal ance
bet ween ¢ FEULRBEATEHPIT BIPIobaa oo §a LS BB LBPRFOUERT e CoHoPBLEIY H 18§ MEnd
t he amount of _refrigerant passable through the expander (16) by supplying
gas refri getmiirst embormen itibspomesarossibie o atablivigy bdanse bewspn thapewe ohas
injection [ine (33). SECOND EMBODI MENT OF THE | NVENTI ON [ 0063] Herei nafter,
descri pt i onfrigetant pessimgdierough tlegangressor(1§povhide empoouli afesitigefant passing tlageglt
invention. An air conditioner (10) of the second enbodinent is a
nmodi f i cat ithmeqfantidrg16Rir¢gacdiadiof itlengrerdib@yl wfte bidwithogtre@nbodheremoulingr e
specifically, the refrigerant circuit (11) and the controller (90) in the
first enmbo@diweercoaseblenglifd &gaider cgfiguration in the second 22
[0062] In addition, in the air conditioner (10) of the first embodiment, gas refrigerant in
the refrigerant adjustment tank (14) can be supplied to the suction side of the compressor (15}
by the gas injection line (33). Therefore, according to the first embodiment, even in an
operational state that will cause the amount of refrigerant passable through the compressor
(15) to become excessive relative to the amount of refrigerant passable through the expander
(16) unless a certain countermeasure is taken, it becomes possible to establish a balance
between the amount of refrigerant passable through the compressor (15) and the amount of
refrigerant passable through the expander (16) by supplying gas refrigerant to the suction side
of the compressor (15) from the gas injection line (33).
SECOND EMBODIMENT OF THE INVENTION
[0063] Hereinafter, description will be made in regard to a second embodiment of the
present invention. An air conditioner (10) of the second embodiment is a modification of the

air conditioner (10) of the first embodiment (more specifically, the refrigerant circuit (11) and

the controller (90) in the first embodiment are modified in configuration in the second



enbodinent). In the following, the difference fromthe first enbodi nent in
regard to the air conditioner (10) of the second enbodi nent is descri bed.
[ 0064] As shown in Figure 3, the refrigerant circuit (11) of the second
enbodiment is provided with a bridge circuit (40) as a substitute for the
second four-way switch valve (22). Th@2bridge circuit (40) conprises a
bri dge connection of four check valves (41, 42, 43, 44). The bridge

circuit (40), is configured such that the ipfla i de of .each. of t irst
and f our { (FORKERRI o ke %Alfwlwth dtteshirelondns brs rubeditRnbi fgsﬁg?%{hetaﬁe
expander (16); the outflow side of each of the second and third check

val ves (4zondigipngr(18beiise segnd embpéimaont iselksyitgd of the expander (16); the
outflow side of the first check valve (41) and the inflow side of the
second chéokdlval vers(shdnan Eignonhabe edrigoantacat () obthd sefondrentodgioon iheat
exchanger (13); and the inflow side of the third check valve (43) and the

out fl ow sigleviatd wha aft@idpt Eil‘@lﬂﬁ?‘@) vah Vighs(idd) for @iccsecanneet-edy soitthealot (2. end
of the outdoor heat exchanger (12). [0065] In addition, in the refrigerant

circuit (If) H?fdg% Qﬁc@?@ﬂ?goﬁﬁp&qiaﬁﬂ%e chiRctib©hf fodeliank vasksai1mant43 apk

(14) is arranged differently fromthe first enbodinent. In the refrigerant

circuit ( 1131*)(5: bq'IdGE Qﬁcﬁ?i@% &%ﬁgfe%mh ﬁh%‘{]tfxe rn?f{cH %95 @f‘éaeﬂcgf gg B And ﬁ?yﬁﬁh (14)

is disposed along ar igeraft circu on pat hway extending fromeither

i chover PERTTR ortn epagarfn OFglPngs! eoREhalaRAaE e {ihay sic

specifically, the upper and top sides of the refrigerant_ adjustnent . tank
(14) are COrAGLHIhe S?C@%é"ég fhyrg gheck AN hﬁC%wg?eﬂg%o BRSGY SE° PhLE: way
switch valve (21) and to the suction side of the conpressor (15). [0066]
Besi des, ia¥puiier (P ihgentiow dile elihe figst Fhedds val vre(4dk e gHbariABAf thesprend
liquid injection line (31) and the liquid side control valve (32) are
provi ded, dhatk vdhee A3 aienjogotdtahto the pidey 88)ofdhdindher ipasexshdiezes b oid thal ve
(34) are omtted. In the refrigerant circuit (11), one end and the other

end of thanflbwuidd of mjeeidird @hedki vaéve((@3) amalrthe corflvectiddof the §pettdheek yalve 614 he
bottom side of the refrigerant adjustnent tank (14) and to the suction side

of the conpsesseéted (dBk-otifhiesd of MBRYRIBAhedt SxdABe&qNE. as the first

enbodi ment. 23
[0065] In addition, in the refrigerant circuit (11) of the second embodiment, the
refrigerant adjustment tank (14) is arranged differently from the first embodiment. In the
refrigerant circuit (11) of the second embodiment, the refrigerant adjustment tank (14) is
disposed along a refrigerant circulation pathway extending from either the outdoor heat
exchanger (12) or the indoor heat exchanger (13), whichever functions as an evaporator, to the
compressor (15). More specifically, the upper and top sides of the refrigerant adjustment
tank (14) are connected, respectively, to the second port of the first four-way switch valve
{21) and to the suction side of the compressor (15).
[0066] Besides, in the refrigerant circuit (11) of the second embodiment, the liquid
injection line (31) and the liquid side control valve (32) are provided, but the gas injection
line (33) and the gas side control valve (34) are omitted. In the refrigerant circuit (11}, one
end and the other end of the liquid injection line (31) are connected, respectively, to the

bottom side of the refrigerant adjustment tank (14) and te the suction side of the compressor

(15). This arrangement is the same as the first embodiment.



[0067) In addition, wth the om ssion of the gas injection Iine (33) and
the gas side control valve (34), the controller (90) of the second

enbodi ment is configured such that it controls only the opening of the
liquid side control valve (32). Stated another way, the controller (90)
sets a target value of the refrigerant 28i scharge tenperature of the
conpressor (15) as a control target value and controls the opening of the

liquid sid trol ) t hat tu f t
il Sehar ge DOREET ar e BRGHSy. &gﬂ%&wg&@oﬁtﬁéggﬁeﬁh@%hﬂ% ﬁé%%cﬁm%ﬁ%a% 2 get
val ue. RUNNI NG OPERATI ON [ 00681 Hereinafter, scription de in
regard to Qoﬁgobbﬂé?eafybﬁh%f?‘mﬂ%l% {90) Oﬁ@ﬁéf:(iqnéﬁgk Oémm Wwa N

MODE [ 0069] During the cooling operation node, the first four way switch
val ve (21)congobemlyt e ophigng pfﬁtelsqmaisede(wmobmlé@i@@ solaied anpiher WAY.Fhigur e 3)
and refrigerant is circuited in the refrigerant circuit (11) in the

di recti on dondbiat@d) days snakded vhiuaef terewgknnFdigthkercdemphatoed fihe compatssor
exchanger (12) functions as a gas cooler while on the other hand the indoor

heat exchangpss a {ochdh] f¥RELhIABSn@SoRb EMBRPEAROBS the 0RER] sidbé e tspeaivé (32akb y,
supercritical refrlgerant di scharged fromthe conpressor (15) flows into

the out doQﬁathﬁ@Ect?ﬁéW@%ﬁf edrdBiocRRd adl ?er?@féj@ﬁffﬁ% alf‘ﬁ@tof e C‘BH{])@&@& @5¥ becomes

Thereafter Igerant erters the expander (16). In the expander
(16), the refrigerant is expanded and resulting power is
transmtteli &Rw%tﬁ%aygﬁbssor (15). The outflow of gas-liquid twd- phase

refrigera (16) enters the indoor heat exchanger (13),
absor bs hggpww?jw and is evaporated. In the indoor heat
exchanger (1 |ndoor air is cooled by the refrigerant. The frigerant
after pass[g @2 It hr olitsreinHEsTi draeartones! békﬁ?d;ﬁgé‘?ga(él%ti‘? PBElen Pf{tge He
refrigerant adj ustrrent tank (14) and gas refrigerant in the refrigerant
adj ust nentcotlélﬁll@nel((iﬁ) is drawn into the conpressor (15) where it is

conpressed. At that time, since liquid refrigerant is held in the
refri ger antO&d}ING (ﬁd’rERAEHRN(MQDEgas refrigerant which is drawn into 24

[0069] During the cooling operation mode, the first four-way switch valve (21) is set to
the first state (indicated by solid line in Figure 3) and refrigerant is circuited in the refrigerant
circuit (11) in the direction indicated by solid line arrow in Figure 3. The outdoor heat
exchanger (12) functions as a gas cooler while on the other hand the indoor heat exchanger
(13) functions as an evaporatot.

[0070] More specifically, supercritical refrigerant discharged from the compressor (15)
flows into the outdoor heat exchanger (12) and dissipates heat to outdoor air.  Thereafter, the
refrigerant enters the expander (16). In the expander (16), the inflow refrigerant is expanded
and resulting power is transmitted to the compressor (15). The cutflow of gas-liquid two-
phase refrigerant from the expander (16) enters the indoor heat exchanger (13), absorbs heat
from indoor air, and is evaporated. In the indoor heat exchanger (13), indoor air is cooled by
the refrigerant.  The refrigerant after passage through the indoor heat exchanger (13) flows
into the refrigerant adjustment tank (14) and gas refrigerant in the refrigerant adjustment tank
(14) is drawn into the compressor (15) where it is compressed. At that time, since liquid

refrigerant is held in the refrigerant adjustment tank (14), gas refrigerant which is drawn into




the conpressor (15) fromthe refrigerant adjustnment tank (14) enters the
saturated state. HEATI NG OPERATI ON MODE [ 0071] During the heating
operation node, the first four-way switch valve (21) is set to the second
state (indicated by broken line in Figure 1), and refrigerant is circul ated
inthe refrigerant circuit (11) in th&@4direction indicated by broken line
arrow in Figure 3. The indoor heat exchanger (13) functions as a gas

I whi th hand th t heat h 12) f ti
s an evadhf SOBPTSTBO BB TSR carr e Al e U A R
di scharged fromthe conpressor (15) flows into the indoor heat exchanger
(13) and cﬁlgﬁTﬁg@QPﬁﬁTWﬂ\ﬁ@ air. Thereafter, the refrigerant enters

t he expander (16). In the indoor heat exchanger (13), indoor air is heated
by the ref[PPger ant Durngtthehegipgndernti¢n slode tthefiishfowwayvedriicankigt(2])sis set to
expanded and resulting power is transmtted to the conpressor (15). The
out f | ow ofthgas-ohi glatediddient@hiaseroked Hhgeridptre 1 rauchrthgesxnpandenia(cl6y tent er s
t he outdoor heat exchanger (12), absorbs heat from outdoor air, and is

evapor at edefriReani ef£dio@t piit thatitredticRassisged bRbRIGR liho errowtid GQiurh@at The
exchanger (1 flows Into the refrigerant adjustnent tank (14) and gas

fri ' ' iagd i . WG4 Bea
refri gerar]{l%(gldg)hte xrcﬁ;ﬁr{g'tegﬁgﬁi%nctﬁgééésat é‘%%ﬁ)o{eﬁg{ﬁﬂ% i@af})[he' &llgfl?aﬁﬂlﬂié“é R%Gch% t

conpr essor ere | conpressed. A me, since |iqui

refrigerant is h i-n t.-he refrigerapt adjustnent tank (14), gas
refriger an%m#\}\%}}ggﬁh?% fu%%%\%asl aﬁ]teggg%%%éorrpr essor (15) fromthe refrigerant

adj ust nent k (14) enter he satur.ated.. state. CONTRC ERATI ON COF .THE
CONTROLLEHY 73] et G Pl oty Lot SR Bbrer B P H B VAP P B Phe
refrigerant discharge tenperature of the conpressor (15)..1n go doi ng, the
cont r ol | erflqeontaside dndpo Bt eathangeifde) andligreralss lteﬂbfﬂélé#é” Wy ASCERETF I gt
enbodi nent. In other words, based on an actual neasurenent value of the
ref ri ger atreGigetapt brtetsobe prrasderr@6andn i indeardleaprasanesntld. pdeaiair ipheatere
refrigerant tenperature at the gas cooler outlet, the controller (90)
per f or ns &y thardftipereti. ¢ lopgeratphoder {16)cthk cuflear exfagarabtue exgfantitbadefsilgeg ant
di scharge tenperature of the 25
power is transmitted to the compressor (15).  The outflow of gas-liquid two-phase refrigerant
from the expander (16) enters the outdoor heat exchanger (12), absorbs heat from outdoor air,
and is evaporated. The refrigerant after passage through the outdoor heat exchanger (12)
flows into the refrigerant adjustment tank (14) and gas refrigerant in the refrigerant
adjustment tank (14) is drawn into the compressor (15) where it is compressed. At that time,
since liquid refrigerant is held in the refrigerant adjustment tank (14), gas refrigerant which 1s
drawn into the compressor (15) from the refrigerant adjustment tank (14) enters the saturated
state.
CONTROL OPERATION OF THE CONTROLLER
[0073] The controller (90) sets a control target value for the refrigerant discharge
temperature of the compressor (15). In so doing, the controller (90) sets a control target
value in the same way as the first embodiment. In other words, based on an actual
measurement value of the refrigeration cycle low pressure and an actual measurement value

of the refrigerant temperature at the gas cooler outlet, the controller (90) performs an

arithmetic operation to calculate a value of the refrigerant discharge temperature of the



conpressor (15) that provides an optimal COP of the refrigerant cycle and
sets a result of the arithnetic operation as a control target val ue.
[0074] The controller (90) conpares the set control target value with an
actual neasurenent value of the refrigerant discharge tenperature of the
conpressor (15) and, based on the congare result, controls the opening of
the liquid side control valve (32). That is to say, the controller (90)

i ncreases e_apenj of the,liquid sj central.val ve '

nctual Ty reSRPERF s alddfie af SofmRLEOPER Dl i Bint B A i WS of s
exceeds the, control target vaIPe while on the other hand the controller
(90) reduc¥ihMele BREAIMNY G cqnlie! targeg e si de control valve (32) if the
actual ly measured refrigerant discharge tenperature of the conpressor (15)
falls bel olf0hk contheglontrakierdPOhimparesthq ROCENBODHBEINTIVORVITIHE f¢NANTI ON

[ 0075] Hereinafter, description will be nade in regard to a third

enbodi nment mefsutrdvecnt pales efitheirafripntanbdischargcaiempernde bf treepmpi@yordflSt 4!, bised d
enbodi ment is a nodification of the air conditioner (10) of the second
enbodi ment of ercenppeatiiilcabliols theepeghs boekanfiddid€ciniro( 3dlye (32). t MRatsemwond
enbodinent is nodified in configuration in the third enbodinent). In the

fol I ow ng, sédh@e db A8 (B ihdr@me4 e PesRRer ﬁl@@%@id@@é cdiffrol @4& Fszl)(i)f thhe air
conditioner (10) of the’'third enbodi ment is described. [0076] As shown in

Figure 4, {J?lﬁalqu;lédéglgﬁ\%&%Jﬁgllaﬁp&i'séhagg%g%mﬁ&a{upc? of Ercgmﬁ%?g;g')(%rhhcéﬁs the

additionally provi an inter eat exchange The 1 nternal
heat exchanger (50 i ncl.udes first flow pat nd second pat h
(52) and orEel iy BRI RRAE g sar et PPNt B sl RERML R B
path (51) and,refrigerant in the secopnd flow path (52). In addition, in the
i nt er nal hlé‘ﬁ{‘dééﬁﬁ%'g‘&ér"a%@dg?) £ e ERel areonss 1@&%@?‘@154"51@?ﬁf@“?%‘fugee%fgh%
flow path (52) is |larger than the area of heat transfer facing the first

f1 ow pat h gBressph(lsp&llsibsiosy hgiconeditaggicidfger (50), the first flow path
(51) is connected to a |line extending between the bridge circuit (40) and
t he out dooFHAREX ERMEMABRYENT OF THEANWENTEAdNd f1 ow path (52) is connected

to a line extending between the bridge circuit (40) and the indoor heat
exchanger [2675] Hereinafter, description will be made in regard to a third embodiment of the

present invention. An air conditioner (10) of the third embodiment is a modification of the
air conditioner (10) of the second embodiment (more specifically, the refrigerant circuit (11)
of the second embodiment is modified in configuration in the third embodiment). In the
following, the difference from the second embodiment in regard to the air conditioner (10) of
the third embodiment is described.

[0076] As shown in Figure 4, the refrigerant circuit (11) of the third embodiment is
additionally provided with an internal heat exchanger (50). The internal heat exchanger (50)
includes a first flow path (51) and a second flow path (52) and effectuates heat exchange
between refrigerant in the first flow path (51) and refrigerant in the second flow path (52).

In addition, in the internal heat exchanger (50), the area of heat transfer facing the second
flow path (52) is larger than the area of heat transfer facing the first flow path (51). Inthe
internal heat exchanger (50), the first flow path (51} is connected to a line extending between

the bridge circuit (40) and the outdoor heat exchanger (12) and the second flow path (52) is

connected to a line extending between the bridge circuit (40) and the indoor heat exchanger




(13). RUNNI NG OPERATION [0077] During the cooling operation node,
refrigerant is circulated in the refrigerant circuit (11) in the direction
indicated by solid line arrowin Figure 4. At that tine, in the internal
heat exchanger (50), the outflow of liquid refrigerant fromthe outdoor
heat exchanger (12) passes through the@b6first flow path (51), while the
outflow of gas-liquid two-phase refrigerant fromthe expander (16) passes
t hrough the _second flow path (52). In other words, in the internal heat
exchanger é‘g the gas-liquid two-phase refrigerant flows through the
second flo Ugﬁlé%éé)slz havi ng a greater heat transfer area. This therefore
rel ativel yR ERAEIQMount of heat exchange between the refrigerant
inthe first flow path (51) and the refrigerant in the second flow path
(52) and, @973 r esubdrjngthe co@inperpatatios nofdet tedigerguitcirqubfied iggharefrigerant
relatively considerably falls during passage through the first flow path

(51). The cif@ftr(l pEhand ditdrabn hascanoer goideing atbapiniMnireApenatist éntuin the
passage through the first flow path (51) is then delivered to the expander

(16). In tidiSnNd¥ar dxBRATES (S'OQQE@QIEtﬂoﬁmeh‘?ﬁhd' Bfridaeant hohehbalidiekcae Xedhanger
(50) and therefore increased in densi ty, is introduced to the expander

(16). [007(§b &sés}}ﬂrc‘%ﬁp%ﬁ ngﬂ?wgﬁﬁf %%GQE@&dtﬁQWW%%éingHP tWB M hase

refrigeran circu gerant circuit e direction
indicated b rE ne arr S t [t I
heat exchalf é%e“( o et 8?8535 *Mioadfdset%oa bnsodfrsel, 18?%@% o
t he expander passes t hrou e st fl ow ] )
out fI ow of mﬂhﬁ mtfanalrf@ﬁtr ?@E%&ﬁf ?52’9 GH‘? i P fé&&lﬁ&h@%\“ %sghptagses
t hrough the second flow path (52). That is to say, .in the i nt ernal heat
exchanger (5)d levi@aa§2) bajunge ewwelcphes &apderarger aﬂt‘s thewkere relp ey Hhorgees
first flow path (51) having a snmaller heat transfer area. Therefore, the
amount of thheapuexdhangechatawdenvichehe efugeyar amtheifisi ey f?iithévl)fﬂnd\ﬂhfpat h
(51) and the refrigerant in the second flow path (52) becones relatively
smal | and, refi$geaan és thetsecdrild]dve paln(32)ume, ofa ehet, thaungeratet of gedigptd does not
fall considerably during passage through the first flow path (51). The 27
refrigerant relatively considerably falls during passage through the first flow path (51). The
refrigerant that has undergone a drop in temperature during passage through the first flow
path (51) is then delivered to the expander (16). In this way, the refrigerant, cooled in the
internal heat exchanger (50) and therefore increased in density, is introduced to the expander
(16).
[0078] On the other hand, during the heating operation mode, refrigerant is circulated in
the refrigerant circuit (11) in the direction indicated by broken line arrow in Figure 4. At
that time, in the internal heat exchanger {50), the outflow of gas-liquid two-phase refrigerant
from the expander (16) passes through the first flow path (51), while the outflow of liquid
refrigerant from the indoor heat exchanger (13) passes through the second flow path (52).
That is to say, in the internal heat exchanger (50), the gas-liquid two-phase refrigerant flows
through the first flow path (51) having a smaller heat transfer area. Therefore, the amount of
heat exchange between the refrigerant in the first flow path (51) and the refrigerant in the

second flow path (52) becomes relatively small and, as a result, the temperature of the liquid

refrigerant does not fall considerably during passage through the first flow path (51). The



refrigerant after passage through the first flow path (51) is then
delivered to the expander (16). 1In this way, the refrigerant, not cool ed
considerably in the internal heat exchanger (50) and hardly changed in
density, is introduced to the expander (16). FOURTH EMBODI MENT OF THE

| NVENTI ON [ 0079] Hereinafter, descripti2édn will be nade in regard to a
fourth enbodi nent of the present invention. An air conditioner (10) of the

fourth enbodi ment s a nodificatjon.of.the LI..cgnditj.oner (.10) of .t

hird enboRTHER ey BeSecmprahivyisS ! P R Daf R 96l PRET o (e byPore e
third enbodipent is nodified in configuration in the fourth enbodinen%%. I n
the fol | owilrgls Wayethgirefrigewnb 80t ¢amhsd qrosidriaply iabotsrad heptexeapgr(SPbandhe
air conditioner (10) of the fourth enbodi ment is described. [0080] As
shown i n Fiagdly ehBngednn dawsity gif fitgeiuagrt toghe expand¢ri19). of the fourth

enbodi nent, the refrigerant adjustnment tank (14) is arranged differently
fromthe tROURENEMBODIMENT OFMTHE eNMENTBOW circuit (11) of the fourth
enbodi ment, the refrigerant adjustnent tank (14) is disposed along a

refrigeranogdy cul atdrenaat fusaypiext eidicngadd @medhe (ex paRtembodflert of gt her
t he outdoor heat exchanger (12) or the indoor heat exchanger (13),

whi chever fungt i QBSi@s ah aneé!%gi%&kp £0) LJ@9’%]{1)1,1%}2%n[a%iﬂn}eﬂﬁi@??m%{gcﬁﬁéa@%htof(Hel)

of the fourth enbodi nment iIs addition y provi check val ve

(45) and aaixséc?ﬁtdﬂiocfl@g ﬁtﬁl)]\éﬂh\é%ﬂ{fcﬁ gl%]})%(\i,r{lg’lpg{ (Iﬁgc%g i§e@§f?cl§%l\h/’ th\! %ﬁégﬁé ti c%ggl?'(ﬁ??r? ed

in a line connectin second e n
exchanger (50). . and the i.ndoqr. heat exchanger (13)..The fifth check val ve
(45 12 orhe e e rs TR e e Bl SBTSHIHRD: SHAGof t he
i ndoor he%I exchanger (13) while the outflow side is |ocated, on the side
of the i nt8HauInEndEd Esentergan tedyrd empedunsit i ErEEKo Yo Yecqugiongs (1Y) of
di sposed in a line connecting the first flow path (51) of the internal heat
exchanger s0urdminbadheeigus deseribdteat exchanger (12). The sixth check val ve
(46) is oriented such that the inflow side is |ocated on the side of the
out door hd&68Exchargehophd) Figuid & ih e efiiddrowcstde(lil of be dtreth enadrodithentsi de
of the internal heat exchanger (50). 28
the refrigerant adjustiment tank (14) is arranged differently from the third embodiment. In
the refrigerant circuit (11) of the fourth embodiment, the refrigerant adjustment tank (14} is
disposed along a refrigerant circulation pathway extending from the expander (16) to either
the outdoor heat exchanger (12) or the indoor heat exchanger (13), whichever functions as an
¢vaporator.
[0081} The refrigerant circuit (11) of the fourth embodiment is additionally provided
with a fifth check valve (45) and a sixth check valve (46). The fifth check valve (45) is
disposed in a line connecting the second flow path (52) of the internal heat exchanger (50)
and the indoor heat exchanger (13). The fifth check valve (45) is oriented such that the
inflow side is located on the side of the indoor heat exchanger (13) while the outflow side is
located on the side of the internal heat exchanger (50). The sixth check valve (46) is
disposed in a line connecting the first flow path (51) of the internal heat exchanger (50) and
the outdoor heat exchanger (12). The sixth check valve (46) is oriented such that the inflow

side is located on the side of the outdoor heat exchanger (12) while the outflow side is located

on the side of the internal heat exchanger (50).



[0082] In addition, the refrigerant circuit (11) is additionally provided
wth a lead-in pipe (60). One end of the |ead-in pipe (60) is connected to
the top side of the refrigerant adjustnent tank (14). The other end of the
| ead-in pipe (60) is branched off into two branch pipes one of which
becones a first lead-in branch pipe (628 and the other of which beconmes a
second | ead-in branch pipe (62). The first |ead-in branch pipe (61) is

connect ed en the, fifth check val ve .the internal..heat ..
xchanger (BT S Tna frgilb s ASFtent Qe pIEks Piepf bR Rug G Rbsin
first solenoid valve (56)., The second |ead-in branch pipe %g%? ég

connect ed BBt {Bn PRe °’d Rk the daddr PpgI(GY) is gennesied 1@ Hi P PR Rhf1efgiitserant
exchanger (50). The second |ead-in branch pipe (62) is provided with a
second sol atiwitmentahnke(1¢57) The @B83hd phthgderid-inaripe (6AR1srhefindhge pErintodip dugnch
(11) is additionally provided with a first |ead- out pipe (68) and a second
| ead- out ppipes GEDF wHtebeosheandrdt heddh bemckpibedbl X dnd the other beabich btconpispe
(68) are connected, respectively, to the |lower side of the refrigerant

adj ust ment sebanklebd M braddidpipetorgenThd rst RAQOH bhaat pip¥ ¢hBNgesnrcd3) baneteh ke
fifth check valve (45). A seventh check valve (47) is disposed in the

first |eadﬁ1@l¥’|&%@\?\}<}9§h&§§§ -anMge i%‘?e\ﬁ%’llg;l@at%ﬁgl%tgéﬁadsuﬁ (AR fird] W bigfdYpipe

refrigerant romone end towards the other end of the first |ead-out

pi pe (68) '(Gﬂq% grc?vqge Q'gh ta?%st?h%ﬁ&ﬂ%ﬁ%e?é?)&gefg?%?%éqg lée er—alﬂ'b%ﬂchﬁ)'l}%gs&?%) are

connect ed,  respecti vely, ower r geran ust nent
tank (14) and hetween the outdooyr hea xchanger 2). and the. .sixth check
Valve. (46)TRREFE TR kT Ik faay 4 ao epaee P e wetamt | B ou
pi pe (69). The eighth check valve (48) allows only refrigerant flow from
one. end  LSRIKHEAE HebrapHariPeid) 0D HE S é’é%ﬁoFeF(é’éﬂoFP&ﬁE’P‘d;)‘i’ﬁg\ée ‘(%gb) . RUNNI NG
OPERATI ON 600084] Dur i nq% the cooling operation node, the first sol enoid
val ve (56)[00831pl acéuladditiehahe shigsrant sreniadd) srdds saaihapwsidedorith ISy Eads7)
is placed in the closed state. And, in the refrigerant circuit (11),
r ef ri ger amut pped b8 )culdat edoiidietdeutdiipe@®).onOaseidatiddhe ediebyndsdl thel tirst rad st ow
in Figure 5. More specifically, the outflow of gas-liquid two-phase
ref ri ger antipd (68Mmiteh@nn&xan rdeectivdly) topds ket thik od gl it hecset atidsthiconapbth)
(52) of the internal heat exchanger (50) 29
and between the indoor heat exchanger (13) and the fifth check valve (45). A seventh check
valve (47) is disposed in the first lead-out pipe (68). The seventh check valve (47) allows
only refrigerant flow from one end towards the other end of the first lead-out pipe (68). One
end and the other end of the second lead-out pipe (69) are connected, respectively, to the
lower side of the refrigerant adjustment tank (14) and between the outdoor heat exchanger
(12) and the sixth check valve (46). An eighth check valve (48) is disposed in the second
tead-out pipe (69). The eighth check valve (48) allows only refrigerant flow from one end
towards the other end of the second lead-out pipe (69).
RUNNING OPERATION
[0084] During the cooling operation mode, the first solenoid valve (56) is placed in the
open state and the second solenoid valve (57) is placed in the closed state. And, in the
refrigerant circuit (11), refrigerant is circulated in the direction as indicated by solid line arrow

in Figure 5. More specifically, the outflow of gas-liquid two-phase refrigerant from the

expander (16) passes through the second flow path (52) of the internal heat exchanger (50)



and then through the first |ead-in branch pipe (61) and enters the
refrigerant adjustnent tank (14). In the refrigerant adjustnent tank (14),
the inflowrefrigerant is separated into a liquid refrigerant and a gas
refrigerant. The liquid refrigerant in the refrigerant adjustnent tank

(14) is delivered through the first |e@® out pipe (68) to the indoor heat
exchanger (13). [0085] On the other hand, during the heating operation
node, the first solenojd.valve. (56), 1S ced in the cl.ose tate and,the
second sor o G5 el et ea® i heghn pihe il 5] ehPreuPErdniiRt 0 Qg b
refrigerant circuit (11), refrigerant is circulated in the direction . as

i ndi cat ed (Bi})-brIBIE}@fiﬁeEm&?éa%a?J@WnthIﬁfﬂgjlﬁ}‘& € 11?\%?"&1'%%%‘?{P‘Ptilééqlia§i{teqll’?§’ DU ow
of gas-liquid two- phase refrigerant fromthe expander (16) passes through
the first ®fraargpannd ¢ 539 rebigarte i hhehqdd refliganntdn chramsgegerqn oy vamgnt ek

t hrough the second | ead-in branch pipe (62) and enters the refrigerant

adj ust ment(14pnkielitetgd throndhhiie fief tdageniapipe §6%)us thveindodrauakt (xédgnget (18).i nf | ow
refrigerant is separated into a liquid refrigerant and a gas refrigerant.
The i qui qoogf]ri gemante oiher hiRl, defikd gemhamingadictsibAanidet @okir{tkdlenbid valve
delivered through the second | ead-out pipe (69) to the outdoor heat

exchanger (Séﬁ)s gla’%&@ﬁﬂh%l%‘é@ ARY 2 YARLAEL N s@fen&@df%{%?ﬂs%@mwﬁMme%]

In the fourt nbodi ment, the refrigerant circuit may be arranged as

fol | ows. 87 farrin Fi dhere dis: caqrefr] ant
coreat (S acentar B bRk FpHl Gy BrofHHELR & 2ol 0 PRt AET AT
erant cir.c t he, tion

enbodi nent.. . The refri ) it (11), of first, e )l ary variati (
s pr ot adaisen s PSR hran G we v e PR T T R e o
and second sol enoid val ves (56, 57). The first three-way valvye (26).is
di sposed AVawHEHEEEHE o) ﬁhgtexawﬂ'eg@ééﬁéﬁswe%mgh Uy 54%&%%%@15(5?23@,2 tﬁ%*z)ieif%li n
together. The first three-way valve (26) has three ports of which the
second andegtixedansst (3) anéthep ferglethetsecanddeddrindranch aindg (§2bengh@ress Bicpe (61)
and to the second | ead-in branch pipe (62), respectively. [0088] In
addi ti on, rafricargeatiisineheanietlsd) gehaht rdfiipoantad(ibipernitsark (I datheontlopi pe (65)
as a substitute for the first and second | ead-out pipes (68, 69). One end
of the | eadfigutanpispepdri®) intb & ligahhetigeuri and head e¥iterait.deTiad liquie refrigerant
refrigerant adjustnent tank (14). The other end of the 30

in the refrigerant adjustment tank (14) is delivered through the second lead-out pipe (69) to

the outdoor heat exchanger (12).

FIRST EXEMPLARY VARIATION OF THE FOURTH EMBODIMENT

[0086] In the fourth embodiment, the refrigerant circuit (11) may be arranged as follows.

[0087] Referring to Figure 6, there is shown a refrigerant circuit (11) according to a first

exemplary variation of the fourth embodiment. The refrigerant circuit (11) of the first

exemplary variation is provided with a first three-way valve (26) as a substitute for the first

and second solenoid valves (56, 57). The first three-way valve (26) is disposed at where the

first and second lead-in branch pipes (61, 62) join together. The first three-way valve (26)

has three ports of which the second and third ports are connected to the first lead-in branch

pipe (61) and to the second lead-in branch pipe (62), respectively.

{0088] In addition, arranged in the refrigerant circuit (11) is a lead-out pipe (65) as a

substitute for the first and second lead-out pipes (68, 69). One end of the lead-out pipe (65)

is connected to the lower side of the refrigerant adjustment tank (14). The other end of the



| ead- out pipe (65) is branched off into two branch pipes one of which
becones a first |ead-out branch pipe (66) and the other of which becones a
second | ead-out branch pipe (67). The first |ead-out branch pipe (66) is
connected between the indoor heat exchanger (13) and the fifth check valve
(45). The second | ead-out pipe (67) is3Bonnected between the outdoor heat
exchanger (12) and the sixth check valve (46). [0089] The | ead-out pipe
(65) is provjded. w a secon ree-way valve (27). The second three-way
val ve (27)# -Oﬁi@bf‘ogéla l%hra%ﬂ%ég @%Plﬁ@ tpiortanahaaprs Sue ob PakeHeprpes ¢ 865 lead@ut he
second | ead-out branch pipe (67) join together. The second three-way val ve
(27) has tiHPR Pipoios and theritedy of haichdwonaieanseconi teddpot brangl pipedhRectbe t o
the first | ead-out branch pipe (66) and to the second |ead-out branch pipe
(67), respastlieskbyt brh0dQfpe B6) isngnhbaedbabingthopedat hen extidegert (18) 4ridrias

t hree-way val ve (26) and the second three-way valve (27) are set to the
state (i ndifdatiedk bylveels)d MhoeedoRd U pfhk (E? Mabgtecti®ehidetihe andogeeond
ports fluidly conmunicate with each other. An in the refrigerant circuit

(11), reﬂ&k&ﬁf_ﬁﬁlbén&ﬂk%ﬁ&@%ﬁ%kkﬂhkﬁ@6ﬁireCtiO” as indicated by solid
line arrowin Figure 6. More specifically, the outflow of gas-liquid

t wo- phase [?gég]i ger ant Lo b EXRINASKadNa REg3SS ubtayal.L R@Sﬁ‘fﬁﬁg

fl ow path of the inter exchanger n

first lead-in anch pipe nd enters the refrigerant adjus nt. tank
(1t 1RSI PR OO L RS ER STt 6 et et A B RE hanK
(14) is delivered through the first |ead-out branch pipe (66) to the

i ndoor heaf ¥ drshgdrbries)pipg GFbOIn BrctRe oklivercaisrbree v Yigva Re) sabieng
operation node, the first three-way valve (26) and the second three-way
val ve (27)Po#s &t watchtthe sepend ard dirdinedis esg ednpstediooke frdtilerd-qu bramiclyoine (69) i n
which the first and third ports fluidly conmunicate with each other. And,
in the reahdigdeantonslleaipnt bfdikch, pipefor),gespartivelss circul ated in the
direction as indicated by broken line arrowin Figure 6. Mre

speci fi cal[P§90]t he Dutiilolw @bligaspératich chotlwahphas erréeivey gelka6)fnome febend
expander (16) passes through the first flow path (51) of the internal heat
exchanger tk%8)wayant et et Ry ak SItz!i?}% (isekend byeadd liRe M BbeRk @ipPen{$2he AR

enters the refrigerant adjustnent
and second ports fluidly communicate with each other.  And, in the refrigerant circuit (11),
refrigerant is circulated in the direction as indicated by solid line arrow in Figure 6. More
specifically, the outflow of gas-liquid two-phase refrigerant from the expander (16) passes
through the second flow path (52) of the internal heat exchanger (50) and then through the
first lead-in branch pipe (61) and enters the refrigerant adjustment tank (14). In addition,
liquid refrigerant in the refrigerant adjustment tank (14) is delivered through the first lead-out
branch pipe (66) to the indoor heat exchanger (13).
[0091] On the other hand, during the heating operation mode, the first three-way valve
(26) and the second three-way valve (27) are set to the state (indicated by broken line in
Figure 6) in which the first and third ports fluidly communicate with each other. And, in the
refrigerant cireuit (11), refrigerant is circulated in the direction as indicated by broken line
arrow in Figure 6. More specifically, the outflow of gas-liquid two-phase refrigerant from

the expander (16) passes through the first flow path (51) of the internal heat exchanger (50)

and then through the second lead-in branch pipe (62) and enters the refrigerant adjustment



tank (14). In addition, liquid refrigerant in the refrigerant adjustnent
tank (14) is delivered through the second | ead-out branch pipe (67) to the
out door heat exchanger (12). SECOND EXEMPLARY VARI ATI ON OF THE FOURTH
EMBODI MENT [0092] In the fourth enbodi ment, the refrigerant circuit (11)
may be arranged as follows. [0093] Reﬁérrlng to Figure 7, there is shown a
refrigerant circuit (11) according to a second exenplary variation of the

fourth enbodi refrlger t circuit (11) of the sec ex | ar
variation Iﬂgkgf‘ﬁv. B‘e difiem llaU@éegwar%mf% e R %@2@% dahivere
substitute for the brldPe circuit (40). The second four-way swtch val ve
(22) has fdueughdhe second leatioahbrantlepipe (&1 tpthetovitdpor beateselwagero(1®he fir st
flow path (51) of the internal heat exchanger (50); the second port is
connect ed SBCOHED $RdoMP LA RY VAdRIATIERY OFf THIReF Obierh FIMBODIMRENAanger

(50); the third port is connected to the inflow side of the expander (16);
and the fo[0oh] por tinitse foeAARBGLERNING thORIOp-Adi @YYt dﬂf) afayterexpansdebil¢ds) .
[0094] In addition, in the refrlgerant circuit (11) o He second exenpl ary

variation,[gobg fi rI@éfe@l'ﬂd tS ?fg‘ﬂﬂ@h 51941@%% rdvwyial r\éﬁ'ﬁge('a?@ mréun ﬂ@f'gccbhﬁné ff4h to

ei ghth check val ves (45, 746 are omtted and ird four-way
switch val ch valy d

i nst ead. Tegmédﬁ “C Q %a{/{gtyg SWi [lgﬁ}ru\?\g%ynb% rﬁhaﬁh %&ﬁ%ﬁ%}}t%gl&g va\ﬁ}ékﬁ’% he
first port__is pe ( ond port

i s connect 6801%“ G\F%ﬁgécaﬂﬁt“}l’l léwovbiet Wlfhsﬁ)geCSPéftﬁg Vf%t%@?‘f&l“ﬂ&é e%?cghanger
(50); the ? g _H i’s.connected to_the ot end of the |nd? heat
exchanger {’ )étj““eafﬁh“t‘fr?éldﬁ%ﬁ%%t Ea-t The ot BLERY VR vIYS 610 Dan it Rorts
branch pi pe The fourth four-way switch val ve %24) has four ports of
whi ch: theoffwhlélﬂ tb%ﬁtst part ivgmrededty the e dost el (gt Bk iptsead head suehapst

exchanger (12); the second port is connected to the second |ead-in branch
pi pe (62) : (50héhe fecout! pot ts dosneurhiechestcond five phily ) 6f thwipamhl (G yxabfnger he
i nternal heat exchanger (50); and the fourth port is connected to the
second | ea@épulie thirdgort(i69)nnef@0 9D ihe Dufldvagide b€ tleaaiphmigr OfEer aid the fomdheyort e
four-way switch valves (21, 22, 23, 24) are all set to the state indicated
by solid ldongedted foitBeIb@flbw Andef theihad&qlisy. gerant circuit (11), 32

[0094] In addition, in the refrigerant circuit (11} of the second exemplary variation, the

first and second solenoid valves (56, 57) and the fifth to eighth check valves (45, 46, 47, 48)

are omitted and a third four-way switch valve (23) and a fourth four-way switch valve (24) are

provided instead. The third four-way switch valve (23) has four ports of which: the first port

is connected to the first lead-out pipe (68); the second port is connected to the second flow

path (52) of the internal heat exchanger (50); the third port is connected to the other end of the

indoor heat exchanger (13); and the fourth port is connected to the first lead-in branch pipe

(61). The fourth four-way switch valve (24) has four ports of which: the first port is

connected to the other end of the outdoor heat exchanger (12); the second port is connected to

the second lead-in branch pipe (62); the third port is connected to the first flow path (51) of

the internal heat exchanger (50); and the fourth port is connected to the second lead-out pipe

(69).

[0095] During the cooling operation mode, the four-way switch valves (21, 22, 23, 24)

are all set to the state indicated by solid line in Figure 7. And, in the refrigerant circuit (11),




refrigerant is circulated in the direction indicated by solid line arrow in
Figure 7. More specifically, the outflow of gas-liquid two-phase
refrigerant fromthe expander (16) passes through the second flow path
(52) of the internal heat exchanger (50) and then through the first

| ead-in branch pipe (61) and enters th&2refrigerant adjustment tank (14).
In addition, |liquid refrigerant in the refrigerant adjustnent tank (14) is
delivered through the first | ead-qut, 6 branch pi_peI', (66) to the indgor heat
exchanger Teimprant pooplatyd ipfee Grosaen Hkateddyy ohg Wﬁéﬂﬁé§PﬁH§“6Ber§ﬁF6n
node, the four-way switch valves (21, 22, 23, 24) are all set to the state
i ndi cat ed spycifieadkietheldutibow nf Fisginued fvo-plase réfrigerantelTeafthe gannnder (80 Ragses

(11), refrigerant is circulated in the direction as indicated by broken

| i ne arr afrouph BegigeendloWpnid (SPedithd tadrhal hebthexcbutgkt () efd ges-throggh the

t wo- phase refrigerant from the expander (16) passes through the first flow

path (51) fakt lkdeid tﬁhﬁ&%ﬁbe fA3tn@xebanpefef( £9int aafetnidie ik NI HUYn biritisgcond
| ead-in branch pipe (6 and enters the refrigerant adjustnment tank (14).

In additi anuhdr %gllﬂg%eq%rﬁqﬁ Eﬂquﬁ‘?%fanit g@jhgﬁlegﬁfaﬁl& Eﬁlgfﬂ@&eli@g eHShABRE (Heatkt 16ddutl S

. j
delivered e secon ead-'out branc ipe (67) to the outdoor heat

exchanger (12). .T EMPLARY. VAR AT THE FOURTH EMBCDI MENT [ 0097]
In the foubﬁ?]'h&]é]ﬁ%eg@mc}%? lqdr?gﬁp%ayﬁ(%leapée?yl ircuit (11) may be arranged as
fol | ows. 8] Referrir o Figure 8, there is. sho refrigerant
circuit (ﬂ&&giccorgph%ep géﬁmF%ﬁ&@“@%@ﬁﬁ@ﬁﬁvﬁWﬁﬁpﬁﬁﬁgﬁ°@?[?Wéw ouv { b
enbodi nent. The_ref ré\gerant circuit (11) of the third . exenpl ar,ly varg ation
i s provi de@ & (M 32sebaAbaratsehgyh e e iGard By [”P?Ef’“ Lae i 5gust Tt i fibr
the bridge circuit (40). The second four-way switch valve (22) has four
ports of whé oifigaring cifcit §H1) pofrigerant sonmsabtasdnttes direckipn @s fndlinataidy akenclpe
val ve (23) which is descried |ater; the second port is connected to the
second f | cawopaintFigha)7. oMdreepiaifieilnathe hedl vexicdrangeid Ee)hast hedrigdrantdromor t
is connected to the inflow side of the expander (16); and the fourth port

i s connecttBdedpanddri@s PpstdsaMrosbil eheQirst ey pxpaRDiest tidB)erndl 009k changaddioy i on,
inthe refrigerant circuit (11) of the third exenplary variation, the

si Xt h chegkd idMBrdugBhd £cOm feh@ch RAdc fige tdD) hbd Eowrs-tMe fsprhehduatvet ( 23)
and a third sol enoid 33
tank (14). In addition, liquid refrigerant in the refrigerant adjustment tank (14) is delivered
through the second lead-out branch pipe (67) to the outdoor heat exchanger (12).
THIRD EXEMPLARY VARIATION OF THE FOURTH EMBODIMENT
[0097] In the fourth embodiment, the refrigerant circuit (11) may be arranged as follows.
[0098] Referring to Figure 8, there is shown a refrigerant circuit (11) according to a
third exemplary variation of the fourth embodiment. The refrigerant circuit (11) of the third
exemplary variation is provided with a second four-way switch valve (22) as a substitute for
the bridge circuit (40). The second four-way switch valve (22) has four ports of which: the
first port is connected to a third four-way switch valve (23) which is descried later; the second
port is connected to the second flow path (52) of the internal heat exchanger (50); the third
port is connected to the inflow side of the expander (16); and the fourth port is connected to
the outflow side of the expander (16).

[0099] In addition, in the refrigerant circuit (11) of the third exemplary variation, the

sixth check valve (46) is omitted and the third four-way switch valve (23) and a third solenoid



val ve (58) are added instead. The third four-way swi tch valve (23) has four
ports of which: the first port is connected to the other end of the

out door heat exchanger (12); the second port is connected to the first
port of the second four-way switch valve (22); the third port is connected
to one end of the first flow path (51)38f the internal heat exchanger (50);
and the fourth port is connected to the other end of the first flow path
(51) of the i r nal exchange 0 hlrd l.enai d vaIv 5 IS
Conhect ed \BEVSBIAS MARtE: pARe 514 fe vy pviigh FosF (GEoSdY ehry 4 e ba)
and the first flow path g51 of the internal heat exchanger (50). [0100]
In the ref?q st eert issioneesied (o1hg ober ardeoftthn puidentdiept @chanest (1203 B seqER@port
connecting location of each of the second |ead-in branch pipe (62) and the
second | eatecnectpd fyethe 699t pog of tlirasegedl fobray spech filvald); the erdpoond

| ead-in branch pipe (62) is connected between the first flow path (51) of

t he i nt er rahnchedtto exe Bahg®the (v floanshtlt (8 ) bhibednsalabhait dxstahye (6&8hndind t he
second | ead-out pipe (69) is connected between the fourth port of the third

four-way fswH g MabMectad3h tl@é“&’th@l@ldto@'tﬁedﬁ@é)ﬂ@@%‘aﬂl (%a é/ﬂhé A8dmal12301]

During the cooling operation node, the four-way switch valves (21, 22, 23)

are set EQCI&gEeIS(F@F (hgghﬁ:@%cggnd% v§19 (kiﬁg aé gb%n'eﬂecll: b&We€n ﬁae%gxmﬁ]llﬁe%} ﬁ%t and

third sol enol are p In the open state

second sol.e d val ve 7 he c e. -And
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i ndi cat ed y solid line arrowin Figure 8. Mre specifically, the outfl ow
of gas-Ii d two-phase refrigerant fromthe expander (16) passes through
t he seconﬂyfIOM/path (52), of the internal _heat exchanger (50) and then

t hrough t HEOP) r st Indheirstricepettersuiiba of 81 thia gxenglerssvar Eon.thé porwestai

adj ust nent tank (14& In addition, liquid refrigerant in the refrigerant
adj ust mentocatiankt gathpf the sdedidierdeth trrahugbe (03¢ afid thstsedomddesiout pippe(6fB8) t o
t he i ndoor heat exchanger (13). [0102] On the other hand, during the

heati ng opematd.onMondeeciiirell, olur senaryl lswd-frchrandapipe $62) 2dcor@Bcte@ B3twarcetiset to
the state indicated by broken line in Figure 8 and the first and third
sol enoi d fiath Vies, {:86(5198) tIrriftcpladBed ckdhah fg (§008RALS thatdeoWiblevdle(sseaend

sol enoi d val ve 34
the second lead-out pipe (69) is connected between the fourth port of the third four-way
switch valve (23) and the third solencid valve (58).
[0101] During the cooling operation mode, the four-way switch valves (21, 22, 23) are
set to the state indicated by solid line in Figure 8 and the first and third solenoid valves (56,
58) are placed in the open state while the second solenoid valve (57) is placed in the closed
state. And, in the refrigerant circuit (11), refrigerant is circulated in the direction indicated
by solid line arrow in Figure 8. More specifically, the outflow of gas-liquid two-phase
refrigerant from the expander (16) passes through the second flow path (52) of the internal
heat exchanger (50) and then through the first lead-in branch pipe (61) and enters the
refrigerant adjustment tank (14). In addition, liquid refrigerant in the refrigerant adjustment
tank (14) is delivered through the first lead-out pipe (68) to the indoor heat exchanger (13).
{0102] On the other hand, during the heating operation mode, the four-way switch

valves (21, 22, 23) are set to the state indicated by broken line in Figure 8 and the first and

third solenoid valves (56, 58) are placed in the closed state while the second solenoid valve



(57) is placed in the open state. And, in the refrigerant circuit (11),
refrigerant is circulated in the direction as indicated by broken |ine
arrow in Figure 8. Mre specifically, the outflow of gas-liquid two-phase
refrigerant fromthe expander (16) passes through the first flow path (51)
of the internal heat exchanger (50) an&4then through the second |ead-in
branch pipe (62) and enters the refrigerant adjustment tank (14). In

Go Ver oy (TS Sad R RS ARY ] R, i B LUBBEANE Al EH R LAR, Ghchlabd
Cacannoet g f%@?ﬁ@ ARG el @@Ea#qwffvﬁh DARLE R SB?CI? ﬁag%@ i euip

i nventi on.%TrAﬂn ir. conditioner (10 of the fifth enbodi nent

modi fi cat | Breastiaukbtwospliase stdesrprfriEm theprparder fk) Ppssss ﬂwﬁbdhﬁﬁﬁstt flotpiah
specifically, the refrigerant circuit (11) of the first enbodinment is
nmodi fi ed i@LlEehthiegurari bt exchahger {$Htand ehdpobiomghthe setond lhed-frobraodi migs (62) he
difference fromthe first enbodinent in regard to the air conditioner (10)
of the fi farhl en¢aerbdatiraieransadjesoientreck (140.1081 adB#ticmhbywidirelfriEeguri@tB; i n t he
refrigerant circuit (11) of the fifth enbodinent, the first and second

four-way swiii@hantalijnesndi2ink 229) iaadivarddange 1@&&%@61@111%11&0{1{;9;3@ {69§ 1 ihest
enbodi ment. O the four ports of the first Four way switch valve (21), the

first portoji§oor¢RRNaeh 61182? he di scharge side of the conpressor (15); the
second port is connecte he | ower side of the refrigerant adjustnent

tank (14) ;g %' g@uﬂ@_’[#} %ﬁﬂ(ﬂ*@e end of the outdoor heat

exchanger ( iS connected to the other end of the

exc 2 _
ot oo v B0 el %erf’sféesmﬁ)owfl el BEpRenb St B e bRl o ¥he

outdoor heat exchanger (/12); t e sec nect.ed to ne en

the indoorplFﬁéa{mé%?PAhgeﬁm Thagn “ﬂ‘ﬂél aﬁﬂ Pgﬂﬁ&fflqlgb%‘gwﬁ@df By ehen 0? HEl ow
side of the expander g and the fourth port is connected to the suction
si de of t e cauditpiesd PO%tils)ﬁtstAﬁwwwaﬁl%(mﬁ@ Prejliralin Aeeetricornt finai@) ofand
t he gas |n{ ection line (33) are connected between the suction side of the
conpr essorth¢ i5Y eamrddinirat sewehted muronfigyragen trcthe 3%th embodiment).  In the following,

the difference from the first embodiment in regard to the air conditioner (10) of the fifth
embodiment is described.

[0104] As shown in Figure 9, in the refrigerant circuit (11) of the fifth embodiment, the
first and second four-way switch valves (21, 22) are arranged differently from the first
embodiment. Of the four ports of the first four-way switch valve (21), the first port is
connected to the discharge side of the compressor (15); the second port is connected to the
lower side of the refrigerant adjustment tank (14); the third port is connected to one end of the
outdoor heat exchanger (12); and the fourth port is connected to the other end of the indoor
heat exchanger (13). Of the four ports of the second four-way switch valve (22), the first
port is connected to the other end of the outdoor heat exchanger (12); the second pott is
connected to one end of the indoor heat exchanger (13); the third port is connected to the
inflow side of the expander (16); and the fourth port is connected to the suction side of the

compressor (15).  And, both the liquid injection line (31) and the gas injection line (33) are

connected between the suction side of the compressor (15) and the second four-way switch




val ve (22). RUNNI NG OPERATI ON [0105] During the cooling operation node,
both the first four-way switch valve (21) and the second four-way sw tch
valve (22) are set to the first state (indicated by solid Iine in Figure
9). And, in the refrigerant circuit (11), refrigerant is circulated in the
direction indicated by solid line arrdw in Figure 9. In other words,
refrigerant discharged fromthe conpressor (15) passes through the outdoor
heat exchanger giZ), t hen through the expander (16), then through the
refri geran‘fa‘é{%ﬁ2 tment tank (14), and then through the indoor heat
exchanger (13 in that order and is drawn into the conpressor (15) where
itis corrpé‘H G OPFIVSTION the other hand, during the heating operation
node, both the first four-way swi tch valve (21) and the second four-way
swi t ch val[¥é0%22) aneirgdhe twlingepsmtomnthode dtoch theifneli foart-edy byitdr vien(21) med i n
Figure 9). And, in the refrigerant circuit (11), refrigerant is «circulated
i n the dirtaetéoond ifmdicat edtdayabreaRBart kfigo aferfiy dtate Bihgiered By sbid dhdrgr
words, refrigerant discharged fromthe conpressor (15) passes through the

i ndoor heatig@x@®hang@h, in(ddeiridddn cBEioUan thgepxPRNGCHa{A0) thd IRBtSH ough
the refrigerant adjustment tank (14), and then through the outdoor heat

exchanger (d2)ieq b SRR PR eSo driavyd i 9ad gog Ofsed Gbp) paner e
it is conﬁrlessgd. 9§{)>@h}%{£®fﬁlﬁ/§ﬁﬁﬁ%’: 'Ilﬁl\ga? &Vgﬁﬁﬁf G\I‘lf’%%{?{f&%etgg?na?t er ,
description wll b de in regard to a sixth embodiyent of t resent
mvent | on e BnBerohb S B0 e Bt QTR S B Lo bl e BGRE
modi ficati f the air conditioner (10) of the fjfth enbodi ngnt (nore
speci {1 cal(l)): %ﬁ?énaf’é@ﬁﬂ&efﬁgwei ?@mttﬂetﬂf)f)lk b, Prichen PeEom e
nodified in confiﬁurati on in the sixth enmbodinent). In the follow ng, the
di f f er ence&*Fhart He)fin thay oeiepaw] el wi Hite BgaruptsseHaShayvere drgremprssred( 10)
of the sixth enbodinent is described. [0108] As shown in Figure 10, in the
refrigerad®l@ilr cui On(the pthef harkdedwiing the dndsodi apsrition mdde, pah tlieg@saimr-way
adjustnment tank (14) is arranged differently fromthe fifth enbodinent. In
the 36 switch valve (21) and the second four-way switch valve (22) are set to the sccond state

(indicated by broken line in Figure 9).  And, in the refrigerant circuit (11), refrigerant is

circulated in the direction indicated by broken line arrow in Figure 9.  In other words,

refrigerant discharged from the compressor (15) passes through the indoor heat exchanger

(13), then through the expander (16), then through the refrigerant adjustment tank (14), and

then through the outdoor heat exchanger (12), in that order and is drawn into the compressor

(15) where it is compressed.

SIXTH EMBODIMENT OF THE INVENTION

[0107] Hereinafter, description will be made in regard to a sixth embodiment of the

present invention. An air conditioner (10) of the sixth embodiment is a modification of the

air conditioner (10) of the fifth embodiment (more specifically, the refrigerant circuit (11) of

the fifth embodiment is modified in configuration in the sixth embodiment). In the

following, the difference from the fifth embodiment in regard to the air conditioner (10) of the

sixth embodiment is described.

[0108] As shown in Figure 10, in the refrigerant circuit (11) of the sixth embodiment,

the refrigerant adjustment tank (14) is arranged differently from the fifth embodiment. In the



refrigerant circuit (11) of the sixth enbodinment, the refrigerant

adj ustnent tank (14) is disposed along a refrigerant circul ati on pat hway
extending fromeither the outdoor heat exchanger (12) or the indoor heat
exchanger (13), whichever functions as an evaporator, to the conpressor
(15). More specifically, the upper sid86of the refrigerant adjustnent tank
(14) is connected to the fourth port of the second four-way switch val ve

(22) and th t her.e i nec uctl -S| .

conpr essor’ §¥§7£“9V?ﬂf@ﬁb0€%8ﬁai ?ﬂg?ﬁ%ma$ﬁ§ﬁa§ P%¥§&€%HH£%%pﬁégﬁant
adj ustment tank (14), the second port of the first four valve
(21) is CHHNE %@@angar%fﬁéer@mqﬂcawﬂ@wé Wtﬁﬁ@né%éw&é?ﬁf(e% Oﬁ%gf
Besides, in the refrigerant circuit (11) of the sixth enbodi nent, the
liquid i npebtrigen(12) nethedndocaheatiehendniceiild), sitdeheresitngions aF geeapoyateyy @ the
provi ded, but the gas injection Iline (33) and the gas side control valve
(34) are omintfredor (16).t helorefpetifeslantheaippensite ¢Athy refoperanieniistment ik (¢ hier
end of the liquid injection line (31) are connected to the bottom side of

the refrigghantd adhassiBiortdmke (ebdhd ang-vig shhieh Sulti(2) a8 de: top thdieof is
conpressor (15), respectlvely This arrangenent is the same as the fifth

enbodi ment,., ;0340 ¢ a@ s@cqghtsla%%’f (Y thlﬁlgﬁop(ﬂszs' Bhehe dRBcIRShE Rir@Glehent dii ne

(33) and t%e gas si control valve e control | er (90) of the sixth

erbodi msntth%: §8ﬁ961a1&% gmgltlg%kt(}i%,' ihd sec ﬁ)cf]l% Q%F)fst& 88’1§5¥ f&t}e\hﬁpﬁmdﬂ%aﬁfe (khels

l'iquid side CONEr o e con sets target val'ue of

the refrigerant har e erature i conpressor (15) as a control
t ar get va‘fodée‘ﬁﬁgmt 'ﬁPV |0§vs[| fg‘g%ﬁ?lf‘?&g%lf&? he quui d side control valve

(32) so that the actually neasured refrigera erature of
t he conpr e¥48%) (15)BesEEd ﬁ%éhetrﬁélgéﬁﬁ‘f FlgFuit aib%'pt e Wéﬁh‘:élabq%ﬁnﬁlftggf §81%s, the
controller (90) of the sixth enbodinent is configured in the same }/ t hat
the cont r objestioy By (3dp andithediguishadeeswgl Heie (323 acanPyiges-dt thR@Wlb\R%“O
OPERATI ON [0111] During the cooling operation node, both the first four-way
swi t ch valve ($2]l)ndahd gat fide setondali o (@4 wayorsilictic hinthE vedrigaayt qiceit $B) 916 t he
first state (indicated by solid line in Figure 10). And, in the
ref ri ger andndcintiahd éthérlebd, ofniedf g irgadtiondinei(3 Hulrat@oheitad tchidie dbttemtsidor 3R
refrigerant adjustment tank (14) and to the suction side of the compressor (15), respectively.
This arrangement is the same as the fifth embodiment.
[0110] In addition, with the omission of the gas injection line (33) and the gas side
control valve (34), the controller (90) of the sixth embodiment is configured such that it
controls only the opening of the liquid side control valve (32). The controller (90) sets a
target value of the refrigerant discharge temperature of the compressor (15) as a control target
value and controls the opening of the liquid side control valve (32) so that the actually
measured refrigerant discharge temperature of the compressor (15) becomes the control target
value. In other words, the controller (90) of the sixth embodiment is configured in the same
way that the controller (90) of the second embodiment is configured.
RUNNING OPERATION
[0111] During the cooling operation mode, both the first four-way switch valve (21) and

the second four-way switch valve (22) are set to the first state (indicated by solid line in

Figure 10). And, in the refrigerant circuit (11), refrigerant is circulated in the direction



indicated by solid line arrowin Figure 10. In other words, refrigerant

di scharged fromthe conpressor (15) passes through the outdoor heat
exchanger (12), then through the expander (16), then through the indoor
heat exchanger (13), and then through the refrigerant adjustnment tank
(14), in that order and is drawn into BRe conpressor (15) where it is
conpressed. [0112] On the other hand, during the heating operation node,
both the first four-way swtch_valve (21) and the second four- switch
val ve (22)ndicated gy splad ﬁﬁ%ﬂ%%ahﬁlggiealtﬂe %{1 PHET #egr g%?lglgést‘fﬁ?rig\é\@lrf’ﬂl%?gure
10). And, in the refrigerant circuit (11), refrigerant is <circulated in
the di r ectdommressdi d45) pesstythisngk dre dutdeor dertowchang g sherothrqugh drenespangdsy ds,
refrigerant discharged fromthe conpressor (15) passes through the indoor
heat exchaiggthen(tk®)gh theendddrheagixchdrzeedpande thepliBlough erretrigeoug hdjukigent
out door heat exchanger (12), and then through the refrigerant adjustnent
tank (14),tahl0(14hpah 1o deder andisidgakii e tHeomprdeorq@BPHBSSOf is cOrhpleswddere it is
conpressed. SEVENTH EMBODI MENT OF THE | NVENTI ON [0113] Hereinafter,

descri pti qp; 9l | b@)l{%g%thief‘hérﬁgéﬁr@né Pe ReSMapehisARadMmeah 10f fith@ur-Aagsent
invention.” An air conditioner (10) of the seventh enbodinment is a

modi ficati %ICHI fﬁle\:[e:ag%)?‘zinla Y pegbltld Po%ﬁ—lrwtagf%%it)cf?fv?lkgﬁéla}% %Et E&T@?}%gﬁﬂ%ﬁlﬁm re

specificaﬁ1y, Igerant circ t is
nmodi fied in configuration in the seventh embodiment). .ln.t f.ol | owi.ng,
the di 11 er@rbarid Grroke e P QRadl mene T e dymiar bt al AP refhafiSner
(10) of the‘ sevent h enbodi ment is described. [0114] As sh?mn in Figure 11,
the refri geicalteddpleqdivection yndipaiedty lwalanine Bidom eie 10 Tagidet MorEr |y
provided with an internal heat exchanger (50). The internal heat exchanger
(50) of t'AkicseneAsphasgasbliemhn cavayetshe(1Shresseoffduglinkt indpordsat REhpEer nal
heat exchanger (50) of the third enbodinment. In other words, the internal
heat exchdidetheqi3tpough thehapselee (tth, thembodignghe otdoprioat eadianger K123, fridrten
flow path (51) and a second flow path (52) and the area of heat transfer
faci ng t hehfouph thef lefwepat bd;p&hjent sink @rQein thhanddrhed & dawofinthelat comansber
facing the second flow path (52). In the internal heat exchanger (50), the
first flowippkhetSl} cbspBSsed.

SEVENTH EMBODIMENT OF THE INVENTION

[0113] Hereinafter, description will be made in regard to a seventh embodiment of the

present invention. An air conditioner (10) of the seventh embodiment is a modification of

the air conditioner (10) of the fifth embodiment (more specifically, the refrigerant circuit (11)

in the fifth embodiment is modified in configuration in the seventh embodiment). In the

following, the difference from the fifth embodiment in regard to the air conditioner (10) of the

seventh embodiment is described.

[0114] As shown in Figure 11, the refrigerant circuit (11) of the seventh embodiment is

additionally provided with an internal heat exchanger (50). The internal heat exchanger (50)

of the seventh embodiment has the same configuration as the internal heat exchanger (50) of

the third embodiment. In other words, the internal heat exchanger (50) of the seventh

embodiment is provided with a first flow path (51) and a second flow path (52) and the area

of heat transfer facing the first flow path (51) is larger than the area of heat transfer facing the

second flow path (52). In the internal heat exchanger (50), the first flow path (51) is



connected between the first port of the second four-way switch valve (22)
and the outdoor heat exchanger (12) and the second flow path (52) is
connect ed between the second port of the second four-way switch valve (22)
and the indoor heat exchanger (13). RUNNI NG OPERATI ON [0115] During the
cool i ng operation node, both the first 3Bour-way switch valve (21) and the
second four-way switch valve (22) are set to the first state (indicated by

solid line_in Figure 11)..And, in.the refrigerant circui 1

7ot 11 ger angoeets PiliRet bl 6 e s SSePEH- Hay By il s mecar ow
in Figure 11. In other words, refrigerant discharged fromthe outdoor heat
exchanger %%EFthéﬂ%@cri(B@iaﬁ’Q thgsegorh OV pathdp2his semciod s trgisnithesacppd port phw
path (51) of the internal heat exchanger (50) and then flows into the
expander (theyecona fauteivay onitch vabte 2gparatthe didsohbgagexthbngan(lhe i ndoor heat
exchanger (13) functioning as an evaporator passes through the second fl ow
path (52) BUNMING QRERATIONat exchanger (50) and is then drawmn into the
conpressor (15). [0116] On the other hand, during the heating operation

nmode, bot h{otihg] fir st Dheup tWadoligdbp& Bt vy e, (3d) thafiest Fhe-eB8Cconehiva e-(pay
switch valve (22) are set to the second state (indicated by broken line in

Figure 11)andAndsechRd the-J&f LHiQ8NnaNk (81 f4kdi f dbfirst &€ [ASLAPY by Solid line in

circulated in the directidn indicated ‘by broken Iine arrowin Figure 11. In

ot her wor d%igurerﬁg. 'ﬁ% ant q‘e%%&%&g@ﬁjg&{ @l[l;rjgﬁ]&ﬁﬁéeﬂgtqg%ngﬂgﬁte% \ﬁ/a%/{(%gf&{ﬁ%?%Jﬂ( 13}2

r
functioni ngas a’‘gas doo“g} S secon
the internal. he exchanger (50). and then flows inta.the expand . In
addi t1 o, TREPEREY GHEC ANSEhaY Jebier oty 1 NG CHGE WOl o Bt FaRGEr [y
functionin s an evaporator passes through the first flow path (51) of the
i nternal Haktoor Bees ieci 66) Rigkidomse phatoalin Pﬁﬁf%hlﬂ‘%%éBﬁngé§'§t¥rp5‘(hlﬁ§)1.)
El GHTH EMBCODI MENT OF THE | NVENTI ON 011(;]10 Herei nafter, description wll be
made in reyardintenadheal eysheneantivd g Fen dows helo U egenderi(hentt addition air
conditioner (10) of the eighth enmbodinment is a nodification of the air
condi t i onerfi{geOnt dischangedsiemmnbhindntrdaianewharfgen(18) Spetivhing ak hy ¢vaveator
refrigerant circuit (11) 39
passes through the second flow path (52) of the internal heat exchanger (50) and 1s then drawn
into the compressor (15).
[0116] On the other hand, during the heating operation mode, both the first four-way
switch valve (21) and the second four-way switch valve (22) are set to the second state
(indicated by broken line in Figure 11). And, in the refrigerant circuit (11), refrigerant is
circulated in the direction indicated by broken line arrow in Figure 11.  In other words,
refrigerant discharged from the indoor heat exchanger (13) functioning as a gas cooler passes
through the second flow path (52) of the internal heat exchanger (50) and then flows into the
expander (16). In addition, refrigerant discharged from the outdoor heat exchanger (12)
functioning as an evaporator passes through the first flow path (51) of the internal heat
exchanger (50) and is then drawn into the compressor (15).
EIGHTH EMBODIMENT OF THE INVENTION

10117} Hereinafter, description will be made in regard to an eighth embodiment of the

present invention. An air conditioner (10) of the eighth embodiment is a modification of the

air conditioner (10) of the seventh embodiment (more specifically, the refrigerant circuit (11)




and the controller (90) in the seventh enbodi nent are nodified in
configuration in the eighth enbodinent). In the follow ng, the difference
fromthe seventh enbodinent in regard to the air conditioner (10) of the
ei ght h enbodi nent is described. [0118] As shown in Figure 12, the
refrigerant circuit (11) of the eighth38nbodinent is additionally provided
wth a first solenoid valve (71) and a second sol enoid valve (72). The

first sol epgithe Yal@ek (OB) id Se dbRPASGHLRBLWASTe HRBIRAGRBN élﬁo%h'@he(é@)th()f
t he internal heat exchanger (50) and the outdoor heat exchanger

second s Ol %(Iﬁéx d (tlzg?olll étbe_r)d leegcgﬁ?%npeeﬁ &l EJ{%nlfh' I}I%OdLI‘}]&WHP ?e%?rﬁlgttrf :l'ﬂe Of

t he |ntern anger e ou oor feat exchanger

[0119] In the r fr| cir 1 of. the ht h enbodlnent t he
refrigerart %@ﬂ? {gﬁﬁggﬁh?né‘}%??EﬁaﬁﬁngFgferently fromthe seventh
enbodi nment n the refrigerant circuit (11) of the eighth enbodi nent, the
refri ger arP! HﬁjUStﬁéﬁ%oﬁaﬂkFﬁﬂﬁ354émﬁﬁgﬁﬁﬁﬁdCéﬁ%hglbOf%éPﬁ¢QEW§h¥hﬁmntw
circul ation pathway extending fromeither the outdoor heat exchange %

or the i riddoronpdaprogidsdariger fist3)lenonhivelbe (En aﬁdm@tqoodS%olasmdrvae\?a(gb)r at

to the conpressor (15). [0120] Wth the change in the arrangenent of the

ref ri ger affirstadjanstdrendte (7apls didpbyed bdrecersiae omdnp dloty @fth {399 of threshtefraliheanay
switch valve (21) is connected to the outflow side of the expander (16) in

the refri gatigamoec(S0Faihd thé bljdoot Readegitzh g, (12)he Thekkdgarsarho@ivabuei(t2)(idl) of
the eighth enbodinent is additionally provided with a first |ead-in pipe

(63), a sepgnded &adeddihe @iiLQQIOQAS?Qteh (E 1 el lﬁ@g]a@HEatQk@%ll&QQBO) :[t{d]tgé-hut%& end

and the other end of the firs ad-i'n pipe (63) are connected to
upper sideg of..t.h [;e]Q gerant adjustnent tank (14) and between the |ndoor
heat exchar?ge(3 %&f gd t he first solenoid val ve (71), respectively. The

f | 73 On
tnd and- el BuPLP el ekt BB OER T e {sleggbeéa?%t‘mf %?te&ted)to e

spper 1 de ol e 1 AP B0 PR, M
second | e%ﬂc{n? (11 o?t he elg 1t 1 If-:mbgclil?t"}éln?%?e t\éMfIE"r:?lEiai‘lt tl(?}lillgtgl?ell? ’?alnﬁ r(]?éi)clls d/g‘}ljo/s%d (2117041}127 a 40
refrigerant circulation pathway extending from either the outdoor heat exchanger (12) or the
indoor heat exchanger (13), whichever functions as an evaporator, to the compressor (15).
[0120] With the change in the arrangement of the refrigerant adjustment tank (14), the
second port of the first four-way switch valve (21) is connected to the cutflow side of the
expander (16) in the refrigerant circuit (11). In addition, the refrigerant circuit (11) of the
eighth embodiment is additionally provided with a first lead-in pipe (63), a second lead-in
pipe (64), and a lead-out pipe (65).
[0121] One end and the other end of the first lead-in pipe (63) are connected to the
upper side of the refrigerant adjustment tank (14) and between the indoor heat exchanger (13)
and the first solenoid valve (71), respectively. The first lead-in pipe (63) is provided with a
third solenoid valve (73). One end and the other end of the second lead-in pipe (64) are

connected to the upper side of the refrigerant adjustment tank (14) and between the outdoor

heat exchanger (12) and the second solenoid valve (72), respectively, The second lead-in

pipe (64) is provided with a fourth solenoid valve (74).




[0122] One end of the | ead-out pipe (65) is connected to the top side of
the refrigerant adjustnent tank (14). The other end of the |ead-out pipe
(65) is branched off into two branch pipes one of which becones a first

| ead- out branch pipe (66) and the other of which becones a second | ead- out
branch pipe (67). The first |ead-out bA8nch pipe (66) is connected between
the second flow path (52) of the internal heat exchanger (50) and the first

sol enoi d v (71), The first Jead-out branch pipe (66) |s provided with a
Pt cneddidd Ve )Qn%ﬂpﬁ ok e Track S8 Pl v &puReclerdly hiphisids oéﬁhl@regrlgerant
refrigerant flowin the direction in which refrigerant flows out fromthe
ref ri ger arfdiuaHPUN t4rkrl 4} ankheotlr end péths dessiment ipazd68)is birehechof pitpew¢ 67) i s
connected between the first flow path (51) of the internal heat exchanger
(50) and britehgemende 96 mdndi lgcyabyefifst Rud-clihkrasecpipd (6@ add out otherarfothigi pe
(67) is provided wwth a second check valve (77). The second check val ve

(77) per nmitesoroed ysacehd lgeroanbrahttoppt (6 heThetiretdai @it bian¥hpipb (6@fik i ger ant
flows out fromthe refrigerant adjustnent tank (14). [01235j Besides, in the

refri ger anbnfdcte@Uckwédklthe 9fcohiBoRNRAEML) SIDRILERAL heat Qﬁchlahgéfiégm dnRitREtiisoN
line (31) and the liquid side control valve (32) are provided, but the gas
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the refrigerant circul one end an end o uid

i njection jine ~are.conne dto the bottomside of the . refrigerant
adjustnen§h®angﬁgiayc&ﬁ%{vgwi@%?gﬂ5¥FSHE§F éﬁSFnﬁﬁg183%%&5§§8P”(T%%$
respectively. This arrangenent (s the sanme as the seventh enbodi nent.

[ 0124] |nl%%/*&F’€Pb OWHP Y IR &gk Teesragh adpstinsat gak (14 edbs asond Fedoasiragely
the gas side control valve (34%, the controller (90) of the second

embodi ment'Red 0 EbiscphpcEd teteeentthafirst flowast (3d) of aliyternehaperihgeoiSe)rad
liquid side control valve (32). The controller (90) sets a target val ue of
the refri gergpendiodotvad gave Eiper Bhasceont lenhreuclhaprespo(67) 15)roasled véidnt r ol
target value and controls the opening of the liquid side control valve
(32) so t hetont hbecketabal (77). MBaseted dheflt vges @M peinsichan ge: (it enparfatiumngheof
the conpressor (15) becones the control target value. Stated another way,

t he cont r dirk@lon(iROhidf reliligerpit€BoRtoueMbRdh BRI pdrantGARfstBa @i 145, he  sane

way as the controller (90) of the second enbodi nent. 41
[0123] Besides, in the refrigerant circuit (11) of the present embodiment, the liguid
injection line (31) and the liquid side control valve (32) are provided, but the gas injection
line (33) and the gas side control valve (34) are omitted. In the refrigerant circuit (11), one
end and the other end of the liquid injection line (31) are connected to the bottom side of the
refrigerant adjustment tank (14) and to the suction side of the compressor (15), respectively.
This arrangement is the same as the seventh embodiment.
[0124] In addition, with the omission of the gas injection line (33) and the gas side
control valve (34), the controller (90) of the second embodiment is configured such that it
controls only the opening of the liquid side control valve (32). The controller (90) sets a
target value of the refrigerant discharge temperature of the compressor (15) as a control target
value and controls the opening of the liquid side control valve (32) so that the actually

measured refrigerant discharge temperature of the compressor (15) becomes the control target

value. Stated another way, the controller (90) of the present embodiment is configured in the

same way as the controller (90) of the second embodiment.




[ 01251 During the cooling operation node, the second and third sol enoid
val ves (72, 73) are placed in the open state while on the other hand the
first and fourth solenoid valves (71, 74) are placed in the closed state.
And, in the refrigerant circuit (11), refrigerant is circulated in the
direction indicated by solid line arro#lin Figure 12. Mre specifically,
the outflow of refrigerant fromthe indoor heat exchanger (13) flows
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(52) of the internal heat exchanger (50), into the co ressor [ 0126]
On the ot héd Fanacedithngosiest#eat Ang) 1bHeraiiasrnioaeut ¢ik resfél@élﬁat léﬁHClﬂlﬁ‘ieiid
sol enoid valves (72, 73) are placed in the closed state while on the other
hand t he fhmbtdaﬂUMHﬁmﬁcmhibpMﬂhﬁhwewaWwb@ﬁgmtJ274»ﬁacqxpﬁ§@éaﬂhﬂouﬁbﬁnﬁén
state. And, in the refrigerant circuit (11), refrigerant is circulated in
t he directictfpdradifeat 66 ibhyoddhekenchdnaer @By Dwwvi thrfigguhe fils? lead Map@pe (63) into

specifically, the outflow of refrigerant fromthe outdoor heat exchanger

(12) fl O\A/Stl]etrmlgéhght 5&1@3@@&@% {199d-G8y BHRRr L8 the NP gbAt ARhdtingRrtand (14)
adj ust mrent tank (14). refrigerant in the refrlgerant adj ust mrent tank

(14) 71 owsathe g &gb)httgﬁ d?s‘?ﬁ;é?l q)u %ﬂcl?%‘é ?6(2@81'8 thcph Endl guhQn dxh wtehﬁﬂb ‘ic‘?fs”a'

heat exchanger rawn, a passage t rough the fiTs

path (51) G Nt erna at excha &
P T Exen By \?Aﬂ%?%%‘i‘?%ﬁ]’ Rp S PRT AR btz R 1851]57‘? PREFRARs GO
enbodi ment. ?e refri %gt circuit (11) may be arranged as follows.
[0128] ReV@FVPﬁQOWB“ﬁ‘ﬁd there is shown a refrigerant circuit (11)
accordi ng @ first exenplar vari ation of the eighth enbodi ment. The
refrigeran %@r cui tOY Dty e dpjipgthe hexldrgprsy %PO&‘éWdéfE lsreedsmduliodd wi t h
a first three-way valve (26) and a second three-way valve (27) instead of
the first sobenpsuralesd@RciRoiat Madodas therlosed 2tlatepghile @) thejogiie2 Hpnd e fritrage
three-way valve (26) is disposed along a |ine connecting the indoor heat 42

fourth solenoid valves (71, 74) are placed in the open state.  And, in the refrigerant circuit

(11), refrigerant is circulated in the direction indicated by broken line arrow in Figure 12.

More specifically, the outflow of refrigerant from the outdoor heat exchanger (12) flows

through the second lead-in pipe (64) into the refrigerant adjustment tank (14). Gas

refrigerant in the refrigerant adjustment tank (14) flows through the second lead-out branch

pipe (67) into the internal heat exchanger (50) and is drawn, after passage through the first

flow path (51) of the internal heat exchanger (50), into the compressor (15).

FIRST EXEMPLARY VARIATION OF THE EIGHTH EMBODIMENT

[0127] In the eighth embodiment , the refrigerant circuit (11) may be arranged as
follows.
[0128] Referring to Figure 13, there is shown a refrigerant circuit (11) according to a

first exemplary variation of the eighth embodiment.  The refrigerant circuit (11) of the first
exemplary variation is provided with a first three-way valve (26) and a second three-way
valve (27) instead of the first to fourth solenoid valves (71, 72, 73, 74).

[0129] The first three-way valve (26) is disposed along a line connecting the indoor heat




exchanger (13) and the second flow path (52) of the internal heat exchanger
(50). The first three-way valve (26) has three ports of which the first
port is connected to the indoor heat exchanger (13) and the third port is
connected to the second flow path (52) of the internal heat exchanger
(50). In addition, connected to the sed@nd port of the first three-way
valve (26) is the first lead-in pi pe (63) [ 0130] The second three-way

val ve (27) di s | on i ne ectjng the outdoor heat exchanger
(12 “ana 1 ietrnnE R o R g rRe Gt T s eRaRsn G- (5 ISt The
second thr%eway val ve (27) has three ports of which the first port is
connect ed t¥FTHRY Vit S0 hahdzge roxis hmdesh the fyst aar it tremsetedtdthp drdoot keat
connected to the first flow path (51) of the internal heat exchanger (50).
| n addi t i otkchergen €6 edd tle thivé poitiiy chnperted of tht herosé Clondhatin(32¢ ofay: intealaV Reat
(27) is the second lead-in pipe (64). [0131] During the cooling operation

node, the ®ichsiget (Fge- Wayddvtddny €orrR6:d anthetsb@ragoond thd hfseﬂrraaawayam\é@(z(@?s)
are set to the state (indicated by solid line in Figure 13) in which the

first andngeiegm@iddplg }§e(f§|3}]| dly comruni cate with each other. And, in the
refrigerant circuit (11), "refrigerant is circulated in the direction

i ndi cated fpysgpl i d Hipe.ar, ‘?lYYeé Q,ag VINE 2%-2?355 dMB%s%g)a&‘B%c' u{ecalmlaé(ctwt hhﬁe out fl ow

of refrigerant fromthe |n oor nger Fous throu first

| ead-in p| t he frigerant. adj tank ( ]

refri gera dc(o(? 11)%6” retEt g?gﬂlﬂdg fhsgtﬂr‘?év éaﬁ;ﬁﬁ %.ILI et 5\1@ %lﬁ%t?ﬁﬁelt(ﬁ@
first | ead: out br nch p }%%1)%7 nt? the int g[ nal heat exchanger (50) and
is drawn, aft é’?o Hglg’se& aX B e Mg doHa Oof Mo hgat Hrst By ‘So‘fO““‘f‘CH@j forber nal
heat exchan q 0), into the conpressor (15). [0132] On the other hand,
during the’ iRy cspangen JR) prstige seaved ppRds carmeeled inaije Viastdlow pisYS1and tiche
second three-way valve (27) are set to the state (indicated by broken |ine
in  Fi gurenedyal heatitsilemee80F.i risbddifidn tdennettgbiottke fhindipaiyofdlonyaenid dre-wirt h
each other. And, in the refrigerant circuit (11), refrigerant is

ci rcul at edvaive (tZFl)aiSdlhﬂ’E@blhcbhadi—lhﬂpi@a((ﬁﬂ. by broken line arrowin Figure 13.
More specifically, the outflow of refrigerant fromthe outdoor heat

exchanger [012)] f| owsirbhriughlibpepsesansoti€ank iift Rir@ewhPHilve (16) ahfehe second

refrigerant adjustnent tank 43
three-way valve (27) are set to the state (indicated by solid line in Figure 13) in which the first
and second ports fluidly communicate with each other.  And, in the refrigerant circuit (11),
refrigerant is circulated in the direction indicated by solid line arrow in Figure 13. More
specifically, the outflow of refrigerant from the indoor heat exchanger (13) flows through the
first lead-in pipe (63) into the refrigerant adjustment tank (14). Gas refrigerant in the
refrigerant adjustment tank (14) flows through the first lead-out branch pipe (66) into the
internal heat exchanger (50) and is drawn, after passage through the second flow path (52) of
the internal heat exchanger (50), into the compressor (15).
[0132] On the other hand, during the heating operation mode, the first three-way valve
(26) and the second three-way valve (27) are set to the state (indicated by broken line in
Figure 13) in which the first and third ports fluidly communicate with each other. And, in
the refrigerant circuit (11), refrigerant is circulated in the direction indicated by broken line

arrow in Figure 13.  More specifically, the outflow of refrigerant from the outdoor heat

exchanger (12) flows through the second lead-in pipe (64) into the refrigerant adjustment tank



(14). Gas refrigerant in the refrigerant adjustnent tank (14) flows through
the second | ead- out branch pipe (67) into the internal heat exchanger (50)
and is drawn, after passage through the first flow path (51) of the

i nternal heat exchanger (50), into the conpressor (15). SECOND EXEMPLARY
VARI ATI ON OF THE EI GHTH EMBODI MENT [0133] In the ei ghth enbodi nent, the
refrigerant circuit (11) may be arranged as follows. [0134] Referring to

Fi 14, f d
excompl ar y' QAP T STPORTRP e T ot GbTE A gl Wl Mo PEERH S et B "
11) of th d | the fj.rst to fourth sol

Vai ves (7B PRI BP T RGN WATAITSH SAHETEELI L RGER T GE RS 7S ar o

omtted and a third four-way switch valve (23) and a fourth four-way

swit ch valtbefipsp@pwarath ($lbof dedntemst keatiexdhonas (SOphiata thie campespankds)- swi t ch
val ve (23) is disposed along a line connecting the indoor heat exchanger
(13) and tHeCOAdbENEMBvARa FARFAY TON @Rd Tk d GIEIHHSEB GREMENJer ( 50) .
The third four-way switch valve (23) has four ports of which the first port

i's connect[et3¥]|o t hen thie RGO elBadimexC langligetah8ircdin@1yf ouy bh apaidedias
connected to the second flow path (52) of the internal heat exchanger
(50); the rspgond port is connected to the first |ead-out branch pipe (66);
and the third port is connected to the first lead-in pipe (63). [0136] The

fourth fo ¥Ry S%&Wﬁg %ng‘ih ihafeqkap&gfg rdhi Qéigmacgchiigﬁ%e{bqgﬁq ,Ag,t he

out door xchan er the first ow pat the 1 nternal
heat exchan The Iv rts
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the third port, is c nnect ed t he f h

heat exchéﬁb%ide@s@y ary priadigg ﬁatﬁiﬁéi dghpkmeeRel s §ohe B BaGHD0:
branch pipe (67); and the fourth port is connected to the second | ead-i

pi pe (64) .anfl g9l cerki Vs K20, aabiﬂiew@na%miderfeii'ewahéwﬁhi’%ivq {e) prd &t and
second four-way swtch valves (21, 22) but also the third and fourth

f our - way §0imltlcfwvaiia\316®li(IXZSHIVQ@‘l)airQapl@etdedailstetalde state (indicated by solid

line in Figure 14). And, in the refrigerant circuit (11), 44
[0135] The third four-way switch valve (23) is disposed along a line connecting the

indoor heat exchanger (13) and the second flow path (52) of the internal heat exchanger (50).
The third four-way switch valve (23) has four ports of which the first port is connected to the
indoor heat exchanger (13); the fourth port is connected to the second flow path (52) of the
internal heat exchanger (50); the second port is connected to the first lead-out branch pipe
(66); and the third port is connected to the first lead-in pipe (63).

[0136] The fourth four-way switch valve (24) is disposed along a line connecting the
outdoor heat exchanger (12) and the first flow path (51) of the internal heat exchanger (50).
The fourth four-way switch valve (24) has four ports of which the first port is connected to the
outdoor heat exchanger (12); the third port is connected to the first flow path (51) of the
infernal heat exchanger (50); the second port is connected to the second lead-out branch pipe
(67); and the fourth port is connected to the second lead-in pipe (64).

[0137] During the cooling operation mode, not only the first and second four-way
switch valves (21, 22) but also the third and fourth four-way switch valves (23, 24) are set to

the state (indicated by solid line in Figure 14). And, in the refrigerant circuit (11),




refrigerant is circulated in the direction indicated by solid line arrow in
Figure 14. Moxre specifically, the outflow of refrigerant fromthe indoor
heat exchanger (13) flows through the first lead-in pipe (63) into the
refrigerant adjustnent tank (14). Gas refrigerant in the refrigerant

adj ustment tank (14) flows through thedfirst |ead-out branch pipe (66) into
the internal heat exchanger (50) and is drawn, after passage through the
second flow path (52) of the internal heat exchanger (50), into the

conpr essorrefisyant jpaBglatadinthredisckion inieird usolidde werondatigne dper Maron
node, not only the first and second four-way switch valves (21, 22) but

al so t he tipecidicalid tHeoumfldw HOref gvagntSiwint tie inddor dsat ektBnged)l Inflews trovgh thhe
state (indicated by broken Iine in Figure 14). And, in the refrigerant
circuit (1t lea®in pige(6®)tintb SheCielibishai adjubthmehbandi(1HCt Ganrdfngiraatiadhdy
broken line arrowin Figure 14. Mre specifically, the outfl ow of

refri ger antfifd-pim hinasiehiQat (@%x@%ﬁ@a@wﬁfe m@{a):acf-bﬁvsﬁan(dﬁ);l&{ggé iheteecond

| ead-in pipe (64) into the refrigerant adjustnment tank
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second Iegh?%ﬁ¥%%g5%@%&%%ﬁ%gp%%ggh#ﬁ%ggﬁﬁé%%%g&%é%g %§$§§§§ﬁ§#9 #B?%%ffand
is drawn, after passaqge, thro the first fl path (51) of the internal
heat excha‘ﬁ%&‘r Cli’%@ ca %ﬁ{%’%"ﬁ@@dﬁ%ﬂ&%5‘8}”’1(91&?)1 5 RD EXEMPLARY VAR! ATI ON OF
THE EI GAT ODI MENT [0139] In the eighth enbodi nent, the refrigerant
circuit ( ﬁ@f gﬁay b&ef aﬂﬁéﬁwﬁs dusgng ﬁisﬁgi}m{gmm“%mfr%191@11[>b51¢if'3%}rﬂ8d 15,
there is shown a refrigerant circuit (11) according to a third exenplary
vari ati on §fordeuerghttitdnyduis ht22) Phealpeteityet ait fogith denrtwispyitdfvagyse
third exenplary variation is additionally provided with a third four-way
swi t ch val(¥é, 3423Je set v thaddiet(irshcatechey breken Ger iadticwe ddbi tAd 1) thegejpreevintied
with a lead-in pipe (60) as a substitute for the first and second |lead-in
pi pes (63,ci@dit (11)OtAIderdnn it diutaedd ingler dintction hicitated Bylhrobén bieartdw fidFigure
exenplary variation of the eighth enbodinment, the third four-way sw tch
val ve (23)14i s MihisRE&SELAR, Be bhiTRwextiefthengt fib@ntht betdoouidoerchhealr (EXghanger
(12) to the second four-way switch valve (22) by way of the first flow 45

through the second lead-in pipe (64) into the refrigerant adjustment tank (14). Gas
refrigerant in the refrigerant adjustment tank (14) flows through the second lead-out branch
pipe (67) into the internal heat exchanger (50) and is drawn, after passage through the first
flow path (51) of the internal heat exchanger (50), into the compressor (15).

THIRD EXEMPLARY VARIATION OF THE EIGHTH EMBODIMENT

[0139] In the eighth embodiment, the refrigerant circuit (11) may be arranged as
follows.
[0140] Referring to Figure 15, there is shown a refrigerant circuit (11) according to a

third exemplary variation of the eighth embodiment. The refrigerant circuit (11) of the third
exemplary variation is additionally provided with a third four-way switch valve (23). In
addition, the refrigerant circuit (11) is provided with a lead-in pipe (60) as a substitute for the
first and second lead-in pipes (63, 64).

[0141] In the refrigerant circuit (11) of the third exemplary variation of the eighth
embodiment, the third four-way switch valve (23) is disposed in a line extending from the

outdoor heat exchanger (12) to the second four-way switch valve (22) by way of the first flow



path (51) of the internal heat exchanger (50). Mre specifically, of the
four ports of the third four-way switch valve (23), the first port is
connected to the other end of the outdoor heat exchanger (12); the second
port is connected to the first port of the second four-way switch valve
(22); the third port is connected to od® end of the first flow path (51) of
the internal heat exchanger (50); and the fourth port is connected to the
ot her end st fl at - t.he int.ernal ex nger. .{.50) .
- addi 11 ofi IS o edbieb SR B o). 245 PRUPGIR R L ERER 8P 0% 420
(72) is disposed between t owth part of the third four-way swtch val ve
(23) and fﬂ%’é‘“ﬁahrqé?tﬁlalvalh%&%e‘jééEI%?{Q’QF‘ Ig Byynectay S tlienety of F GulaRt 5 r cui
(11), the second | ead-out branch pipe &67) i s connected between the first
f1 ow pat h ©5byngst (Fethp se@na aprthestnnsxeh indgedirstpog)ol discepnd Keevny ssdFkenoi d
valve (72). [0142] One end of the lead-in pipe (60) is connected to the
upper si devad¥e 2% thefhiidgeranconmdfedso menend artke {ils4 flowTaeh Gihef thematenhl hdue

| ead-in pipe (60) is branched off into two branch pipes one of which
beconmes a &ichaigel €49; arml the &ncth [Pirpe cOfk)tednd tHehehadtehe bf ofe fivkti fdw pab efBfa
second |l ead-in branch pipe (62). The first lead-in branch pipe (61) is
connect ed hetivmeen kdeexd-aher ). heatdexahangeretik3anpae gl testcs@l enoi d
valve (71). The first | ead=in branch pipe (61) is provided with a third

sol enoi d vahue: { Z3)e g}?%o(ﬁ%gg@b%r@%; '?lrg FOEANGSH P BE (iR uk-Sny gngﬁght@ﬁg&

between the fourth p the t our-way swtch valve (2

second so Ld.valve (72). Th ecqnd .| ad‘-"n(T branch..pi 62) 1| i
R R L

provi ded w ur

operation node, .no nly the fjrst and second f - SWi t val ves (21,
003 but o SEEHPE I eyt S TR S 0a poRyED e M hed S dbel
(i ndi ca’E (;g(sg};%sol idline in Figure_15) and the second and third sol enoid

val ves ¥T$FéﬂmﬁﬂéE@Hmﬂﬁ@Pﬁé7@pen state while on the other hand the
first and fourth sol enoid valves (71, 74) are placed in the closed state.
And, in tHE#Ef ri géramdeil tediad-ipe (Gl fsy jogerded toi the pppas gidgtoé dhe mitigetpat
direction indicated by solid line arrowin Figure 15. Mre specifically,
t he out f | omjwimentafirk d).anthefatameniefilrdoskinept (6@x chamgeard (i3htofthvowsanch
through the first lead-in branch pipe 46
pipes one of which becomes a first lead-in branch pipe (61) and the other of which becomes a
second lead-in branch pipe (62). The first lead-in branch pipe (61) is connected between the
internal heat exchanger (13) and the first solenoid valve (71).  The first lead-in branch pipe
(61) is provided with a third solenoid valve (73). The second lead-in branch pipe (62) is
connected between the fourth port of the third four-way switch valve (23) and the second
solenoid valve (72). The second lead-in branch pipe (62) is provided with a fourth solenoid
valve (74).
[0143] During the cooling operation mode, not only the first and second four-way
switch valves (21, 22) but also the third four-way switch valve (23) is set to the state
(indicated by solid line in Figure 15) and the second and third solenoid valves (72, 73) are
placed in the open state while on the other hand the first and fourth solenoid valves (71, 74)
are placed in the closed state. And, in the refrigerant circuit (11), refrigerant is circulated in

the direction indicated by solid line arrow in Figure 15. More specifically, the outflow of

refrigerant from the indoor heat exchanger (13) flows through the first lead-in branch pipe



(61) into the refrigerant adjustnent tank (14). Gas refrigerant in the
refrigerant adjustnent tank (14) flows through the first |ead-out branch
pipe (66) into the internal heat exchanger (50) and is drawn, after
passage through the second flow path (52) of the internal heat exchanger
(50), into the conpressor (15). [0144]46n the other hand, during the
heating operation node, not only the first and second four-way switch
valves (21, 22) but also the third four-way switch valve (23) is set to

t he state (@l histcte sefriggrapt ssltesimentiank d4Fi gurserclirieran in theeclsigegntedisrdmeni r d
sol enoid valves (72, 73) are placed in the closed state while on the other
hand t he ftamls€l4afidwtouotgh selfestded-walbvesh p{pRAF6)7id)o the entpinaklelt exchuiggr open
state. And, in the refrigerant circuit (11), refrigerant is circulated in
the dir ectﬁEOﬁaﬂdrigiEﬁﬁu‘zr@dﬁ@ypaﬁge@kelﬁrohfgm@lea,écfdmw fiow ﬁit@(ﬁa oI he iMeH©1] heat
specifically, the outflow of refrigerant fromthe outdoor heat exchanger

(12) fl owsexb M RUO0Y NBoSBE PN Hnrek &adrdyn branch pipe (62) into the
refrigeranﬁaé%hs?%%nt&kanKﬁ?%ﬁfg ga§ refrigerant in the refrigerant

di k (1 | - - i 7
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into the I ang rawn, after passage through

the first flowpath (51) of the,.i rnal heat. exchanger .(50). info th
conpr ess orsef%g)fgu?&iﬁf{'ﬁll&gk%sﬁ% %Z%Pg%b%e@“’? "B %ﬁﬁggﬁ/@df)l(%l\]ﬁ'set Yo
[0145] In the eighth enbodipent, the refrigerant circuit (11 nayrﬁg
arranged d8¢ STEEI (v edDy YaremliexBrpLEe y S VaK e sERnoeng H‘éfdépfﬂi?’ri Wse d7ment
is a nodification of the second exenplary variation (see Figure 14) (nore
speci fi cal 3y aretHecedrin drerdpsed stte wkichamgerother bond ihs rilend dewHusdxiprar s
variation is nodified in configuration in the fourth exenplary variation).
[ 0146] As (Zholan aienplEieguin ehel@entstage. i e, malhehefatzeexchiamged 1) BO)icohinitihe
fourth exenplary variation of the eighth enbodinent is provided with a
third fl owipakked(ib3)e direcadsliddi@ined 9 h:been find Stovandrigeecasd MawspatifisilgSl,
52). The internal heat exchanger (50) is configured such that it

ef f ect uat age BEALWANGPRNGANPELMABA ohi@HEH 1G8T @lhadder {118 fohsShroliboWepatdnd(51)
and refrigerant in the second flow path (52) and heat exchange between
refrigerantyd. i srhenlipSts2h LRWIRALR ePh) adifsiment tank (14).  Gas refrigerant in the
refrigerant adjustment tank (14) flows through the second lead-out branch pipe (67) into the
internal heat exchanger (50) and is drawn, after passage through the first flow path (51) of the
internal heat exchanger (50), into the compressor {15).
FOURTH EXEMPLARY VARIATION OF THE EIGHTH EMBODIMENT
[0145] In the eighth embodiment , the refrigerant circuit (11) may be arranged as
follows. A fourth exemplary variation of the eighth embodiment is a modification of the
second exemplary variation (see Figure 14) (more specifically, the internal heat exchanger
(50) in the second exemplary variation is modified in configuration in the fourth exemplary
variation).
[01406] As shown in Figure 16, the internal heat exchanger (50) of the fourth exemplary
variation of the eighth embodiment is provided with a third flow path {(53) in addition to the
first and second flow paths (51, 52). The internal heat exchanger (50) is configured such

that it effectuates heat exchange between refrigerant in the first flow path (51) and refrigerant

in the second flow path (52) and heat exchange between refrigerant in the first flow path (51)



and refrigerant in the third flow path (53). In addition, in the internal
heat exchanger (50), neither the area of heat transfer facing the first
flow path (51) nor the area of heat transfer facing the third flow path
(53) is greater than the area of heat transfer facing the second flow path
(52). [0147] One end and the other end4éf the first flow path (51) of the

i nternal heat exchanger (50) are connected to the third port of the fourth
four-way switch valve (24) and to the first port of the second four-way
swi t ch valand r¢izigprant astpe thiid/divy path{53)ddiln pdditiomnie therigternph beat kechsnaer(SBhd  of
the second flow path (52) of the internal heat exchanger (50) are

connect ed retthtitle hzarof hegarahstof fating tsefiondofvguath (fdynswht efea whhye t@a2yr and
to the suction side of the conpressor (15), respectively. In addition, one
end and t f'f@mﬁ% Berthpadiof p ziﬂh"ﬁSS? i grelatht QW Rk &)t ©dnstdi€adint @& Radonn gy
exchanger (50) are connected to the fourth port of the third four- way
switch vaI &@ ) and to the second port of the second four-way switch

val ve (22) espectlvely [0148] During the coollng oper ati on node, not
only the f and seco wey | v , : Lso the
third and P(E)%tr}t h fc()]ane en nd ﬁme ot!ﬁer en oW[heth Y ?%h&gl]) of%hz% 1]1?&"1‘{12}%% %t ate
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arrow in Figure 16. Mre specifically, the oqutflow, of refrl er ant fron1the
i ndoor heéhe et peith g thestgndripwingay ﬁ%dgw YhE2)-respsttiyedad-nrdgivge. ¢a3di nt o
the refrigerant adjustment tank (14). Gas refrigerant in the refrigerant
adj ust mentant drkothdrdgndidfeissecmdbligh prihe(SE) ¢isthe inderdaldwat brchmeter pidere( 66) into
the internal heat exchanger (50) and then passes through the third fl ow
path (53) cofindchel tbnkefoath poltedthesechiahfer-wes0yitciAl tlee (Jassdgethe kndughsidche
third flow path (53), the refrigerant flows into the second flow path (52)
of the i nt€tipadontieadsoLshangrtivd@) anddiisndim@wnd aadl tieropassdg@e thetihird tigh
the second flow path (52), into the conpressor (15). In addition, the

out flow ofp, atli’?f’s)’ b%ﬁ%ﬂfemﬁﬂ% £:N8a AU 4O arh 83 ne 8%E BAME b ur{ilgort Mtﬁ&‘@lnlcﬂﬁo‘{h -t he
first flow path (51) of the internal Heat exchanger (50) and flows, after

passage thy a?f%gxhtcﬁh@]\fe' (Q§)t a11d|t8W160§E5510( |§G11' of ﬂlgg&oﬁﬁ'?ou‘}—&vay switch valve (22),
respeciively.
[0148] During the cooling operation mode, not only the first and second four-way
switch valves (21, 22) but also the third and fourth four-way switch valves (23, 24) are set to
the state (indicated by solid line in Figure 16). And, in the refrigerant circuit (11),
refrigerant is circulated in the direction indicated by solid line arrow in Figure 16.  More
specifically, the outflow of refrigerant from the indoor heat exchanger (13) flows through the
first lead-in pipe (63) into the refrigerant adjustment tank (14). Gas refrigerant in the
refrigerant adjustment tank (14) flows through the first lead-out branch pipe (66) into the
internal heat exchanger (50) and then passes through the third flow path (53) of the internal
heat exchanger (50). After passage through the third flow path (53), the refrigerant flows
into the second flow path (52) of the internal heat exchanger (50) and is drawn, after passage
through the second flow path (52), into the compressor (15).  In addition, the outflow of
refrigerant from the outdoor heat exchanger (12) flows into the first flow path (51) of the

internal heat exchanger (50) and flows, after passage through the first flow path (51), into the



expander (16). [0149] On the other hand, during the heating operation node,
not only the first and second four-way swtch valves (21, 22) but also the
third and fourth four-way switch valves (23, 24) are set to the state
(indicated by broken line in Figure 16). And, in the refrigerant circuit
(11), refrigerant is circulated in t he48irection indi cat ed by broken line
arrow in Figure 16. Moire specifically, the outflow of refrigerant fromthe
out door heat exchanger (12) flows through the second | ead-in pipe (64)
into the refpandpe EHNt adj ustnent tank (14). Gas refrigerant in the
refrigerant adjustnent tank (14) flows through the second | ead-out branch
pi pe (67) (0049 t he Omihebital hiveRtusXe hamgaing §ratdndndédrenctpadses firktraatdgh t he
first flow path (51) of the internal heat exchanger (50). After passage

through t hgcdid Shr-fapWvialh ba1€§s 21, 3H@ut 5168 tHedBE@BEd fduenSoih 8y bhigclseeead
flow path (52) of the internal heat exchanger (50) and is drawn, after

passage t kttﬁguﬂg {‘41%t St @ﬁte{ (119&”03?9& tESr %1%&11 i QFnﬁ?r{gtlﬁ% 169 TPAEP IR 'Ehe(rlﬁ)ge{alnp

addi ti on, ow o I geran rom-t e oor eat eéxchanger

fl t th of. th h

and 1 '03500% it PR R i G Ry PRy BAFRPR9 T gl
d NI NTH, EVMBODI MENT. OF THE. | NVENTI ON [ 0150] ., He ft

desor | S[ i wM‘PlelﬁEe%\E 1% fhe Pé@”%%OEI@F épeh«'ilmﬁmb%ﬁa dﬁ’@] 'eeaé?ﬁ't ﬁggmgi@sfms

invention. An air conditioner (10) of the ninth enbodinment is a

nodi i cat itbipush tichiscond lead shpipe [ erto (roelioferar edivp gyt Babdbme S5 (nor e
specifically, the refrigerant circuit (11) of the first enbodinent is

nmodi fi ed imirgenii guhatéfogeiant adpestmemittimkedptiowe dtrpuehl the sévend ddadowit hgch he
difference fromthe first enbodinent in regard to the air conditioner (10)
of the nimpd{cephadiiranterma$ heeseliabed. (50 DdiblliherAsassdsalmvuich tiel fRyar o Patht(RE)
refrigerant circuit (11) of the ninth enbodinent is additionally provided

with an i niferdiater e ataeXehaneesof.50) o Thesdsptiatnal thegat excpangern), (:e0) has
a first flow path (51) and a second f|OMlpath (52) and effectuates heat

exchange t}@fr%fgﬁt n6&E q]itgtﬁ{easl‘éfioddnﬂ(gwtf"ﬁatil'(ﬁ%)[gofftjl@mté?ﬁﬁlh]eﬁ@): haRd: () hhgrr ant

in the second flow path rst

drawn, after passage through the second flow path (52), into the compressor (15).  In
addition, the outflow of refrigerant from the indoor heat exchanger (13} flows into the third
flow path (53) of the internal heat exchanger (50) and flows, after passage through the third
flow path (53), into the expander (16).

NINTH EMBODIMENT OF THE INVENTION

[0150] Hereinafter, description will be made in regard to a ninth embodiment of the
present invention.  An air conditioner (10) of the ninth embodiment is a modification of the
air conditioner (10) of the first embodiment (more specifically, the refrigerant circuit (11) of
the first embodiment is modified in configuration in the ninth embodiment). In the
following, the difference from the first embodiment in regard to the air conditioner (10) of the
ninth embodiment is described.

[0151] As shown in Figure 17, the refrigerant circuit (11) of the ninth embodiment is
additionally provided with an internal heat exchanger (50). The internal heat exchanger (50)
has a first flow path (51) and a second flow path (52) and effectuates heat exchange between

refrigerant in the first flow path (51) and refrigerant in the second flow path (52). The first




flow path (51) of the internal heat exchanger (50) is disposed along a line
connecting the second port of the second four-way switch valve (22) and

t he i ndoor heat exchanger (13). On the other hand, the second flow path
(52) of the internal heat exchanger (50) is disposed along a line
connecting the third port of the second® our-way switch valve (22) and the
expander (16). RUNNI NG OPERATI ON [0152] During the cooling operation node,
refrigerant is circulated in the refrigerant <circuit (11) in the direction
i ndi cat ed fywpethi (1) ofitbe arterout Hieat Eichanger (50) idispdsed albhge link kenneotingd thew of
refrigerant fromthe refrigerant adjustnent tank (14) enters the first flow
path (51) seebnd p&t bhihekdRind Teatwexshiamgerve((29) and tAe addbt hem exdhagg@yid)l ow of
refrigerant fromthe outdoor heat exchanger (12) enters the second flow

path (52) of mth@niegtnak shealt ﬂ%iﬁ%@rﬂ@ﬁﬁ of BQinted] hdabExdHRL S NEh) i?@%&@s(egz)

exchanger (50), the refrigerant flow ng through the second flow pat

5., 200! ey | e L61LG8T ABbE) o Al DLQHOR. NG Tiinh Ll QoA (51

And, the ger an cool e uri ng passage rou e sec ow pat h
(52) of the interpal heat exchanger (50) is introduced into the expander
(16). [0153F% lt(ﬂ@ ot her hand, during the heating operation node,
refrigerant is. circulated in the refrigerant circuit (11) in the direction
i ndi cat ed IBV]\W%QHE%TWNOW in Figure 17. At that tine, the outfl ow of
refrigerant fromthe refrigerant adjustnent tank (14) enters the outdoor
heat exchdf$et]! (12)PwincHbutopassiragtionrodghrefiipsranhisetisalataddathesebhzager
(50). In addition, the outflow of refrigerant fromthe indoor heat
exchanger qut8) (passes: ditcoogmdideed Hyi st 1k owopadt iigusd ) 7.0f At thet fimtghaal

heat exchanger (50) and then enters the second flow path (52) of the

i nternal heaflowexthdrigatnt(ipéh theGenseaite nduytmenniabib €14) rhRiNdk Fhedlovwexahadiger
(50), heat exchange hardly takes place between the refrigerant in the

first flowspat midrRdheandchiRer ()1 | Beld@fonl ihelohiflves0Re S aW RAL the G3Rbor
And, the refrigerant after passage through the second fTow path (52) of

the interngly él%ﬁ&l]g%gfﬁggf%fs Iﬁ]ége). otlhgl\@?’r{l&@g%%B?th%ﬂ)gt@ﬁqgﬁeﬂ L Qhag@erég@f o&hy

the sane state as nit exited t eat exchanger (13

the internal heat exchanger (50), the refrigerant flowing through the second flow path (52} is
cooled by the refrigerant flowing through the first flow path (51).  And, the refrigerant
cooled during passage through the second flow path (52) of the internal heat exchanger (50} is
introduced into the expander (16).

f0153] On the other hand, during the heating operation mode, refrigerant is circulated in
the refrigerant circuit (11) in the direction indicated by broken line arrow in Figure 17. At
that time, the outflow of refrigerant from the refrigerant adjustment tank (14) enters the
outdoor heat exchanger (12) without passing through the internal heat exchanger (50). In
addition, the outflow of refrigerant from the indoor heat exchanger (13) passes through the
first flow path (51) of the internal heat exchanger (50) and then enters the second flow path
(52) of the internal heat exchanger (50). Consequently, in the internal heat exchanger (50),
heat exchange hardly takes place between the refrigerant in the first flow path (51) and the
refrigerant in the second flow path (52). And, the refrigerant after passage through the
second flow path (52) of the internal heat exchanger (50) flows into the expander (16) in

largely the same state as when it exited the indoor heat exchanger (13).




TENTH EMBODI MENT OF THE | NVENTI ON [ 0154] Hereinafter, description will be
made in regard to a tenth enbodi nent of the present invention. An air
conditioner (10) of the ninth enbodinent is a nodification of the air
conditioner (10) of the tenth enbodi nent (nore specifically, the
refrigerant circuit (11) and the contbBller (90) in the ninth enbodi ment
are nodified in configuration in the tenth enbodinent. In the follow ng,
the difference fromthe ninth enbodinment in regard to the air conditioner
(10) of t hEENd&t EVBOBAVHENT OB THESEYYBAdIOMN155] As shown in Figure 18, in
the refrigerant circuit (11) of the tenth enbodi nent, the refrigerant

adj ust ment[01 &k (14%3ﬁsﬂhﬂjﬁmgﬁﬂkmhﬁﬂémenmkynﬁegmdthemnmmmﬁx@hb@dwﬁﬁwt. I n
the refrigerant circuit (11) of the tenth enbodi nent, the refrigerant

adj ust mentpitankingdion. s ArdiisRasiathnat ANy oﬁthb’aeiﬁlﬁth@ﬁfbaﬂlfﬁndht tscihadiifioniqadthinay
ext endi ng fron1e|ther t he outdoor heat exchanger (12) or the indoor heat

exchanger a(uél(%)x it bl QﬂyGF th Yok bﬂ9§dlﬂ§n@@n&¥§ﬁ&ﬁﬁé&5ﬁthé be?l?ﬁanﬁﬁ%ﬁft?

(15). Wth e arrangenent of the reffigerant adjustnent tank

(14), the BTAh fl gomlsolllgr g?aimt gﬁm)ﬂp ?mgg{ ?%fﬂﬁgre' %&@&Hﬁ%ﬁgﬁ AR tBQ%EIh port

of the second foul- ere rlge ant circult (11)
In addition,, in the efrlglgaant

f h
i nternal Hedt® dé@?‘ffﬁan 1e‘rhe(f WIng gﬁb‘%ﬁe llof]¥ g’r%é]rlul%trﬁml%?@lﬁﬂet” Eﬂeﬁ?lgﬁ% e i

enbodi ment. [0 Mor e speci f |ca , the refrigerant adjustnent tank (14)
is connecﬂ@ﬂd“@ﬂuﬂﬂg)@%m%Fﬂﬂbﬁﬁépmﬂ%“Fﬁ§“§é@Hﬁd port of the first four-way
swtch valve (21). On the other hand, one end and the other end of the
first flod0patlh (51 sobwhtieFigntethal Hhealicesohanger(Dsg)haratvanrings;
respectively, to the top side of the refrigerant adjustnent tank (14) and
to the suah¢ orrigérae adfustrhdre tadrihd eis sorndelis)itferFhdy Semahd nirtloempedime(62)n of
the internal heat exchanger (50) is arranged along a |line connecting the
third por tithefelti fgasesend (F10Wr thwaynts whibehinval MBe (22dcranddjistecexpanderis (16) ,
which arrangenent is the same as the ninth enmbodi ment. [0157] In addition,

the refri gggRRtd ﬂbﬁcchlléfn%éi At Qfculalien baRLAY erRadindeRin tishepfiRVdd@br Wdth  a

first solenoid valve (81) and a bypass line (80). The first sol enoid val ve

(81) is d'é?{@ﬂﬁi%gr é&) or the indoor heat exchanger (13), whichever functions as an evaporator, to the
compressor {15).  With the change in the arrangement of the refrigerant adjustment tank
(14), the outflow side of the expander (16) is connected to the fourth port of the second four-
way switch valve (22) in the refrigerant circuit (11). In addition, in the refrigerant circuit
(11) of the tenth embodiment, the internal heat exchanger (50) is arranged differently from the
ninth embodiment.
[0156] More specifically, the refrigerant adjustment tank (14) is connected, at its lower
side, to the second port of the first four-way switch valve (21).  On the other hand, one end
and the other end of the first flow path (51) of the internal heat exchanger (50) are connected,
respectively, to the top side of the refrigerant adjustment tank (14) and to the suction side of
the compressor (15).  The second flow path (52) of the internal heat exchanger (50) is
arranged along a line connecting the third port of the second four-way switch valve (22) and
the expander (16), which arrangement is the same as the ninth embodiment.

[0157] In addition, the refrigerant circuit (11) of the tenth embodiment is provided with

a first solenoid valve (81) and a bypass line (80). The first solenoid valve (81) is disposed



between the third port of the second four-way switch valve (22) and the
second flow path (52) of the internal heat exchanger (50). One end and the
ot her end of the bypass line (80) are connected, respectively, between the
second four-way switch valve (22) and the first solenoid valve (81) and
bet ween the second flow path (52) of tbd internal heat exchanger (50) and
the expander (16). The bypass line (80) is provided with a second sol enoi d
valve (82). [0158] In addition, in the refrigerant circuit (11) of the

t ent h emboblitweet the ttied portjofi #le sa:d@nétfxiurOzVHyl swieh(3e (chndhBe bdcahil HoSi Hhéh (52)
control valve (32) are provided, but the gas injection I|ine (33) and the

gas side cefthe dlietall heat &:3RAngdf BSOPNT bheshd i ﬁ]@%thre@&ﬁd &%é‘ﬁ%%a%'s hlﬁﬁtée g(aﬂ%al of

the tenth enbodi nent, one end and the other end

L Te, (31) anBqatnesLate), pamRes el ~&'Q}ﬁ%?9%}%‘%2?ed{ﬁ? hﬁﬁ"f&t&%ﬁl@i&or

(15). This, he sa as t .enbodj nent 0159

addi ti on, S‘a%%(%tl g%@ﬁg\gﬁn&n (S)Efcofl Oa'apsa ﬁ’zief ﬁ AT rﬁgf“(aé%’}‘:héh%ert(ﬁ@ E@Qéh%l de
control valve(%i?;ﬁ{gal QF gontr r (90) of the tenth enbodi nent is

confi gur e SHEH ¢t HEt i 0° DHYHT ’Eﬁ' OpHiRFOYiAed WHBRisReprdfsotenaid vadva @2ki de
control z:[l ve (32). The controller (90) sets a target value of the
refrigeranf! %ﬁ]schall’@édfll%?fbéﬁ theupleigefant Hecudd by efskoten(ind) bagmantc tetligeld
target value and controls the opening of the liquid side control valve
(32) so t Hakctdrelizc@dhmidthe hpaidudedonetriaer @2) adipsohdedyéut @apes afarien of

t he corrpressor (15) becones the control target value. In other words, the

control | erlingd483) dnd thonfsi silere@dtronvd he3gpme ondteds Thhg: eomidaltlcaeuit (ﬂ@bm}fe
t he second enbodi nent. RUNNI NG OPERATI ON [ 0160] During the cooling

oper at i on iemaembbiigncht, st e SOLRNAE dineakNEof B )iqlR iRfeBE SN 3 NS c@Hx%te?it at e
and the second sol enoi d val ve (82) is placed in the closed state.

refrigeramtspeivebllid the bldomsffedrIes 1%%%’1 Zﬁ]iclhju Lat gy ((,ﬂ*)talﬁg t?'t {ees%% ion ng(?
. re s e | ow

indi cated by solid line arrowin Figure 1

of refrlg%@@@%O]ngﬁgﬂﬁ fUtﬁgfﬁnﬂﬁﬁ%eﬁﬁgﬂ%%%1m2¥ %GP?P S the second fl ow

path (52) of the'inte heat ~ exchanger el out f1 ow of

fglagw LSI Ll[ggfjl nt f ha@dég)% (N‘?J] Ihr,gglrnasgllton g{ 1%Sgtag?n%ct1101ai e &%SAS an?ir‘}t]ee Lass sEdQ:e First

control valve (34), the controller (90) of the tenth embodiment is configured such that it
controls only the opening of the liquid side control valve (32). The controller (90) sets a
target value of the refrigerant discharge temperature of the compressor (15) as a control target
value and controls the opening of the liquid side control valve (32) so that the actually
measured refrigerant discharge temperature of the compressor (15) becomes the control target
value. In other words, the controller (90) is configured in the same way as the controller
(90) of the second embodiment.

RUNNING OPERATION

[0160] - During the cooling operation mode, the first solenoid valve (81} 15 placed in the
open state and the second solenoid valve (82) is placed in the closed state. In the refri gerant
circuit (11), refrigerant is circulated in the direction indicated by solid line arrow in F igure 18,
More specifically, the outflow of refrigerant from the outdoor heat exchanger (12) enters the
second flow path (52) of the internal heat exchanger (50). In addition, the cutflow of gas

refrigerant from the refrigerant adjustment tank (14) enters the first flow path (51) of the



i nternal heat exchanger (50). In the internal heat exchanger (50), the
refrigerant flowng through the second flow path (52) is cooled by the
refrigerant flowi ng through the first flow path (51). And, the refrigerant
cool ed during passage through the second flow path (52) of the internal
heat exchanger (50) is introduced into5he expander (16). [0161] On the

ot her hand, during the heating operation node, the first solenoid val ve
(81) is placed in the closed state and the second sol enoid valve (82) is

pl aced in intvenad peat exshaiger (0N tinahs Bherhglerardxchigerisn), (Bddefi s&ERirGRRANT 1
circulated in the direction indicated by broken line arrowin Figure 18.

More specithioigh ltlye sebbied A6 fpa@W59T islc8bich %g?@;ﬁg@%e?%ﬁv\ggﬁfi%%ﬂf%h Rk fow

exchanger (13) enters the bypass line (8 n expander (16)
wi t hout 5319 t . Lot I t..exchange 50). ot her rds,
the refri 3’3 a{nstigf I%&m@’#ggiﬁﬁgelhgﬁgggg Sgﬂgg}) 1) fﬁ?‘%ﬁhiﬂ ssefﬁm* ﬁ‘?‘@@ﬁﬁl (tsﬁgoéiane
state as i iLfed.the indoor heat —.exchanger (13). In addition, the
out f | ow O}’iﬁgggérb%@ {réﬁgg%krcg%l%gef F:J’g)gnlst fao ‘écfefjilblgrﬂéen?x%éﬂ‘il%ﬁ%}ent tank (14) is

dr awn thr?H the fjrst flog&gﬁth_(Sl) of  the internal heat exchanger (50)
into the ‘conpress t?i%?@r WELTAESY D% AR Uare| Corratien TE e TERTEs EMBODH VENE
[0162] In gge tenth enbodi ment, the refrigerant circuit (11) may be

confi gur ed®Hss PREE] Buide clogabgiic Rat drersepectsoldbglveadvel(82) tshpdreed iisthehowm a
refrigerant circuit (11) of an exenplary variation of the tenth

enmbodi men#talg hdnithdedr gdedtcirexic ldngefiiceb) isandulhed ibypassclibnad(B8Q) @r e
arranged differently. [0164] One end and the other end of the first flow
path (51) bofkenhimeianverindligiheas. ExechgnrgRlcalBWe AMBOCRREGEED N £EF mgecﬁ]h&g.l Y,
to the fourth port of the second four-way switch valve (22) and to the

i dacafextheg | @fke R4St NERD) &) WsHnlo ah Vithol th
upper si dacafextihegeefiB) gaEantc Baiusk g@g@?)fgﬂﬁ f(smﬁ ugfé%?ﬁ%logﬁglﬂgﬁé‘h pa

(52) of the internal heat exchanger ew se arrange a line

connectin mgh%thﬁh&ﬁ@nﬁg&§mﬂ%e&Q§d%ﬁ%%“LOfQQEbp?¥(§%%égh1¥ﬁ%¥§yéﬁ§%gﬁggufhe

expander (16). [0165] In the refrigerant €ircu
variati Onﬂﬁfex})!ﬁ?de} ?ﬂ”ﬁh‘mﬁ%?g{ J(1gr(]e1iy lhgéame state as when it exited the indoor heat

exchanger (13). In addition, the out{llow of gas refrigerant from the refrigerant adjustment
tank (14) is drawn through the first flow path (31) of the internal heat exchanger (50) into the
compressor (15).

EXEMPLARY VARIATION OF THE TENTH EMBODIMENT

[0162] In the tenth embodiment, the refrigerant circuit (11) may be configured as
follows.
[0163] Referring to Figure 19, there is shown a refrigerant circuit (11) of an exemplary

variation of the tenth embodiment, the indoor heat exchanger (50) and the bypass line (80) are
arranged differently.

[0164] One end and the other end of the first flow path (51) of the internal heat
exchanger (50) are connected, respectively, to the fourth port of the second four-way switch
valve (22) and to the upper side of the refrigerant adjustment tank (14). The second flow
path (52) of the internal heat exchanger (50) is likewise arranged along a line connecting the
third port of the second four-way switch valve (22) and the expander (16).

[0165] In the refrigerant circuit (11) of the exemplary variation of the tenth embodiment,



the first solenoid valve (81) is disposed between the first flow path (51)
of the internal heat exchanger (50) and the refrigerant adjustnment tank
(14). In addition, in the refrigerant circuit (11), one end and the other
end of the bypass Iine (80) are connected, respectively, between the first
flow path (51) of the internal heat ex&Banger (50) and the second four-way
switch valve (22) and between the first solenoid valve (81) and the
refrigerant adjustnment tank (14). The bypass |ine (80) is |ikew se

provi ded W% Hrshsdernsh Halze (%laeﬁ @swpd/bethr) thefgigyw Dethi(Rl) afitke wswnalhgat
operation node, the first solenoid valve (81) is placed in the open state
and the sesohzedS8haidthy adfugera@2)ljusgnpitagoed1dn tlhedditiosad st mtiegerdm t he
refrigerant «circuit (11), refrigerant is circulated in the direction

i ndi cat ed clxyuis 0ll1),cbnkicne aad tewihdr ehil gone blBass [IMBIS0)SPEChrinecadll | ¢spettiezlgut f | ow
of refrigerant fromthe outdoor heat exchanger (12) enters the second flow

path (52) wefwdeRend MtsefipRlpattgadi) &XeDaNg8s l{eépéxchiufge@fgi’) Lh@ 'fhe sIeB(ﬁldOI‘é{nf Law of

refrigerant fromthe indoor eat exchanger (13 enters the first flow path
(51) of t ) r.oal
(50), the'g?’ékl'?.‘éé??@ F L ELs F*%S%O ?ﬁd*%ﬂ% o8 e AR RAGERNBRL

by the refryj.ge flo hr h the first flow ) 1o, t he
a1 ger atl ot eh%??“l‘ﬂa%pﬂi S ughd g a&&s%ﬁ@so izt v 8852 of e
i nt er nal exchan (50) is introduced into the expander (16) [0167]
On the ot rﬂ@ré% and, "4t th CPH@%@WTW@ B At g %?ifdl‘@‘d Vil #41) iPlesi dhdicd
valve (81) is placed in the closed state and the second sol enoi d val ve
(82) is pragedafnnd He speinl sokmaidevalyn(Sghis Makd igdeamsed piatsui tn (epypirigerant
refrigerant is circulated in the direction indicated by broken Iine arrow
i n Fi gur ecirouit ). ecisigecinf iscatilyied tingeclitet tiowindfcaredftyisgld dine afrpwrn Fheue 19.
out door heat exchanger (12) enters the bypass |line (80) and is drawn into

t he conpr éésorpdcithallywht hotowpassiripgranhfromghe bindodiritear adhaheail Bxatraniger
(50). In addition, after its passage through the second flow path (52) of

the inter pabnh@aty LXecFANGEhe(HOnal ko€ cbahiOWBOf  1f eddiigermansutfioemit he
i ndoor heat exchanger (13) enters the expander (16). And, the refrigerant

flowi ng i pfgedihg R andenod 18 er\%ﬁﬁi0@1s(l'1§elln@1rsgﬁé Hrst h@\\ﬁﬁﬂ?(‘ﬁ§ 8f Beqfiehen it

exited the indoor heat exchanger (
heat exchanger (50). In the internal heat exchanger (50), the refrigerant flowing through the
second flow path (52) is cooled by the refrigerant flowing through the first flow path (51).
And, the refrigerant cooled during passage through the second flow path (52) of the internal
heat exchanger (50) is introduced into the expander (16).
[0167] On the other hand, during the heating operation mode, the first solenoid valve
(81) 1s placed in the closed state and the second solenoid valve (82) is placed in the open
state. In the refrigerant circuit {11), refrigerant is circulated in the direction indicated by
broken line arrow in Figure 19. More specifically, the outflow of refrigerant from the
outdoor heat exchanger (12) enters the bypass line (80) and is drawn into the compressor (15)
without passing through the internal heat exchanger (50). In addition, after its passage
through the second flow path (52) of the internal heat exchanger (50), the outflow of
refrigerant from the indoor heat exchanger (13) enters the expander (16). And, the

refrigerant flowing into the expander (16) remains in largely the same state as when it exited

the indoor heat exchanger (13).



ELEVENTH EMBODI MENT OF THE | NVENTI ON [ 0168] Herei nafter, description wll
be made in regard to an el eventh enbodi nent of the present invention. An
air conditioner (10) of the eleventh enbodinent is a nodification of the
air conditioner (10) of the first enbodi nent (nore specifically, the
refrigerant circuit (11) in the first Sdnbodinment is nodified in
configuration in the el eventh enbodinent). In the follow ng, the
difference fromthe first enbodinent in regard to the air conditioner (10)
of the el BLEWENTEROGMBRRIMENHOSFHBINVENTIHON As shown in Figure 20, the
refrigerant circuit (11) of the eleventh enbodinment is provided with a
heat exchalfgéSkect ildameif869r, ddsoripthen wif trd igedaintre@ird eUit elédeb)h ethb&lifeat of the
exchange section (85) is disposed along a |ine connecting the first port

of the secaBebnt dUent@Y SAM i€ Bondi@dnee (1033 tlﬁ@e\kﬂ% &%o@ﬂﬁénth@@ho@ﬁfc@ﬁ
(12). In addition, the heat exchange sectlon is housed wthin t

refrigerante @Qlde!ﬁ&ﬁ@ﬁ'él @)’H‘ftﬁé‘-ﬁ?st grggodh @? e}#ﬁ%ﬁﬁr Il;r'tgéjl'eqri er%ntc el ml)

RUNNI NG OPERATI ON [ 017 During t coo ‘node, era
circul at edﬂn tfke EH?EIE]B r%ﬁ{ gé%o.dlt’ific{i?l%lgilﬁélfrﬁéon ][I]Hh dcltﬁf‘teCt gl C?}h&d by

solid line arrow In gure

t wo- phase ﬁf ri %eg : _omfthe ex ande!;%qg enters the refrl er ant

adj ust ment °t anK™ 1%4) ‘WH&P%@ f‘H’étPen oW ‘??’@1@%’1&‘1”&314?@%%@{“@ OpFHHH0)f the
liquid refri erant and a as refrigerant, and the liquid refrigerant

wi t hin théﬂ?’1?1%%#%%@¢%d]8§¥ﬁ%%% tank (14) is delivered to the indoor
heat exchan (13). In addition, the outflow of refrigerant fromthe

out door hd4 %xchaﬁgeﬁvo(vmzl)f @mﬁ’elﬂstudnleflhgactntexchaﬂ”lg)aofstee'e]e@mt(l851)boambn|t35
cooled by the liquid refrigerant in the refrigerant adjustnment tank (14).
Then, the mrefidigerthntheaiookcbahgcnctthe (ARt 1n ercabingens ectiiofn 1| 8%) hdat ewsahst 0
t he expander (16). [0171] On the other hand, during the heating operati ‘on

node, ref segemaBE) 15311@bl§@Mfl@’ﬁcezﬂluhd”lconﬁlhﬁnﬁﬂﬁdf higepanbf Glersetddd hddhal Bwlhe
direction indicated by broken |ine arrow’in Figure 20. At that time, the

Che refrigorant adi uetmont Ean CL R M e Pane e sm i fbey <

separ at ed jd ifiQe@whinHing éfﬁgeldnt adjustment tank (14) and is placed under liquid refrigerant.
RUNNING OPERATION
[0170] During the cooling operation mode, refrigerant is circulated in the refrigerant
circuit (11) in the direction indicated by solid line arrow in Figure 20. At that time, the
outflow of gas-liquid two-phase refrigerant from the expander (16) enters the refrigerant
adjustment tank (14) where the inflow refrigerant is separated into a liquid refrigerant and a
gas refrigerant, and the liquid refrigerant within the refrigerant adjustment tank (14) is
delivered to the indoor heat exchanger (13). In addition, the outflow of refri gerant from the
outdoor heat exchanger (12) enters the heat exchange section (85) and is cooled by the liquid
refrigerant in the refrigerant adjustment tank (14). Then, the refrigerant cooled in the heat
exchange section (85) flows into the expander (16).
[0171] On the other hand, during the heating operation mode, refrigerant is circulated in

the refrigerant circuit (11) in the direction indicated by broken line arrow in Figure 20. At

that time, the outflow of gas-liquid two-phase refrigerant from the expander (16) enters the

refrigerant adjustment tank (14) where the inflow refrigerant is separated into a liquid




refrigerant and a gas refrigerant, and the liquid refrigerant within the
refrigerant adjustnent tank (14) is delivered, after passage through the
heat exchange section (85), to the outdoor heat exchanger (12). In
addition, the outflow of refrigerant fromthe indoor heat exchanger (13)
flows into the expander (16). OTHER EMS8DI MENTS [0172] In each of the
foregoi ng enbodi nents, the controller (90) may be configured such that it
controls thF openrg{g of the Irgur d side control valve (32) and the opening
of the gd&iTigesnt aphe gay refiagayant aythe bawin aefrighanhwghinghe rdigaanadivgenent
refrigeration cycle has a predeterm ned target value. [0173] In this case,
t he cont r dhilefl4) g0jcliverted, ater patsapd thraphebe bel wechaoge tdudon ¢F5), igeabitdsor
cycle high pressure. Mre specifically, the controller (90) gains, from
sensor s ethesebehageanl2)acimalditieasier @nl of aliigeraft fidie ﬂtétﬂd@&fht:mgee&mtger
cycle low pressure and an actual mneasurenent value of the refri ger ant

t enper at ur@3pflokHRt@as palef (@ytlet. In addition, the controller (90)
pre-stores, as a function of the refrigerant cycle | ow pressure and the

refriger ar@TH@l@Et\ﬁﬂé?M@NTShe gas cooler outlet, a value for the

refrigerant cycle pressure that provi des an optr mal COP of the
refrrgerat cycl state of the frr ran of
t he corrprggfshr (1 eaclﬂ Eﬁ)lée@é% )sger“& ‘td&/tgﬂ‘sflﬁ‘?%?& ’I@O?“'“ﬁ‘? §C8 %‘“e"é of
super heat ofl gr ees Centi g ?ﬁ "in the saturated stat e". The
control | er'{ bg’)“ﬁ P‘F*b ﬁ&]eé)l?&alrléﬁ terlwwcesﬂtﬁsotrterti(m agd g ersaingeY g
measurement value in a stored function and sets a result of the

cal cul at i ¢4° #8¢ souEH Bl (Bdrsgabatvhg bigh ppo1rap? tiekel idvetvonyelober (90) of
each of the foregoing first, fifth, seventh, ninth, and eleventh

enbodi rrentPsedeteh@llt?drttllrgeHCéer (90) confi gured to control the openi ng of the
liquid and gas side control valves (32, 34) conpares a set control target
val ue wi t h0OE# ] act ual thirvasenenentrolial 96) ofis § bentrgfari genatkifonthe yetieehtigh
pressure and, based on the conpare result, controls the opening of the

l'i quid andygaslcshr [dessanNt Mabre\epé N B& lyS3dic Lgﬁlﬁelleﬁ Qdo4 Shikof; oﬁ’%@-rﬁﬁ%lrseet cedRPAs €

that an actual neasurenent value of the refri geration cycle
actual measurement value of the the refrigerant cycle low pressure and an actual measurement
value of the refrigerant temperature at the gas cooler outlet,  In addition, the controller (90)
pre-stores, as a function of the refrigerant cycle low pressure and the refrigerant temperature
at the gas cooler outlet, a value for the refrigerant cycle high pressure that provides an optimal
COP of the refrigeration cycle. In so doing, the state of the suction refrigerant of the
compressor (15) is pre-set as follows: for example, “at a degree of superheat of 5 degrees
Centigrade” or “in the saturated state”. The controller (90) performs a calculation by
substituting a gained actual measurement value in a stored function and sets a result of the
calculation as a control target value.
[0174] Like the controller (90) of each of the foregoing first, fifth, seventh, ninth, and
eleventh embodiments, the controller (90) configured to control the opening of the liquid and
gas side control valves (32, 34) compares a set control target value with an actual
measurement value of the refrigeration cycle high pressure and, based on the compare result,

controls the opening of the liquid and gas side control valves (32, 34).

[0175] For example, suppose that an actual measurement value of the refrigeration cycle




hi gh pressure is lower than the control target value. If, at this tine, the
gas side control valve (34) is in the open state, the controller (90)
gradual |y reduces the opening of the gas side control valve (34). If, even
when the gas side control valve (34) enters the fully closed state, the
actual |y nmeasured refrigerant di scharg®6tenperature of the conpressor (15)
is still higher than the control target value, the controller (90)

gradual ly | nereases t he openi ng of fhe |I§UId side control valve (32)

the contralh PEGHEBEEOPER 2 ek Pyl (aFashd P ket Waip o fhoraae SidF éf”i“f"éé’?léﬁt
di schar ge tenperature of the conpressor (15) is higher than the contro
target val3dels ipthe enentshits thd erarotlirg90) grailenllyirdéuass terapeninglof ehe(@2pides in
the open state, the controller (90) gradually reduces the opening of the
liquid si deonirohtaie (34l vH, {\38)whehfthe evendewhenck vidve (3dpeitersshatllg ahdsedktate,
valve (32) enters the fully closed state, the actually neasured refrigerant

di schar ge theeapelat segsuddd lcheeONBIeRE0¢ tetubolat®k ol khef @nlpye el @®) Isfmuql@gne[ ol
target value, the controller (90) gradually increases the opening of the

gas side cgmrt {]1Q|COM@J)1V{§rg(3§6‘E) lue, El%@lro 5} (99’?@1151819&11’37 ihék&ct e O%Q%g%k i fél%) t he

of each of the second to fourth, sixth h, and tenth'e i ment

control | erg;{9 %gf@? {%gf}!ﬁ"d 69’[9 QJV EL&pO?eDl%ﬂ f En%%s%lﬁ]qlélm vaﬁ{e oefthe

control valve es a se
nmeasur enment refri tion ressure and, based on

cl e

t he conpaﬂgﬂ} EmFQBCEBH?WBV%RWH OB ?ﬁpﬁﬁ”%$°%ﬂg)%q? 151 018 fec @bt 188ty al ve
(32). [0177% For | f .an actual neasurenent val ue of the
refrigeratioi C}QPE“HV@HC‘b?E%@éﬁék‘@“W@W@Peﬂﬁawsﬂ%€“6Wﬁﬂﬁ@W thercgetroNal ue,
then the controller (90) gﬁadually i ncreases the opening of the liquid
si de cont r8P) yagdwadly pgdyces apreing ghthediapid siflc epmiat vulat (Fas U eveenthenvbt ue
of the refrigerant discharge tenperature of the conpressor (15) is higher
than the leontyidd caiogetlve i entersibn fitlheclewntstand, ller a@0)y rgeaadiedlrt fyigerant
i ncreases the opening of the gas side control valve (34). | NDUSTRI AL
APPLI| CABI IdisT¥aife® lefBerdardashbeanpdese (iDed] aipvelow he presientsel e tion
finds utility in connection wth a refrigeration apparatus having a
refriger arbngdlict Y9) drddalll IncdMUseihk SpeANDBEHLGadd8 dontrol valve (34).

[0176] In addition, like the controller (90) of each of the second to fourth, sixth, eighth,

and tenth embodiments, the controller (90) configured to control the opening of the liquid side

control valve (32) compares a set control target value with an actual measurement value of the

refrigeration cycle high pressure and, based on the compare result, cantrols the opening of the

liquid side control valve (32).

[0177} For example, if an actual measurement value of the refrigeration cycle high

pressure is lower than the control target value, then the controller (90) gradually increases the

opening of the liquid side control valve (32). On the contrary, if an actual measurement

value of the refrigerant discharge temperature of the compressor (15) is higher than the

control target value, then the controller (90) gradually increases the opening of the gas side

control valve (34).

INDUSTRIAL APPLICABILITY

[0178] As has been described above, the present invention finds utility in connection

with a refrigeration apparatus having a refrigerant circuit (11) in which is connected an



expander (16) for the recovery of power. 58 Clains: Wiat is clained is: 1.
A refrigeration apparatus, equipped with a refrigerant circuit (11) in

whi ch an expander (16) for the recovery of power is connected, for
performng a refrigeration cycle by causing refrigerant to circul ate
within the refrigerant circuit (11), tl€ refrigerati on apparatus
conprising: (a) a refrigerant adjustnent tank (14), disposed along a
refrigerant circul ation pathway extending fromthe expander (16) to a
conpr essor&¥pasder (Hippthe seqoveardoverrcuit (11), for controlling the
anount of refrigerant circulating in the refrigerant circuit (1]); (b) a
liquid injection passageway (31) for supplying liquid refrigerant in the
refrigerant adjustment tank (14) to the suction side of the conpressor
(15); and (c) a liquid flowrate control mechanism (32) for controlling the
flowrate of refrigerant in the liquid injection passageway (31). 2. The
refrigeration apparatus of claim1l, wherein the refrigerant adjustnent tank
(14) is disposed downstream of an evaporator in a refrigerant circulation
pat hway extending fromthe expander (16) to the conpressor (15). 3. The
refrigeration apparatus of claim1l, wherein the refrigerant adjustnment tank
(14) is disposed upstreamof an evaporator in a refrigerant circulation
pat hway extending fromthe expander (16) to the conpressor (15). 4. The
refrigeration apparatus of claim3 conprising: (a) a gas injection
passageway (33) for supplying gas refrigerant in the refrigerant

adj ustnment tank (14) to the suction side of the conpressor (15); and 59

(b) a gas flow rate control mechanism (34) for controlling the flow rate of
refrigerant in the gas injection passageway (33).




5. The refrigeration apparatus of any one of clains | to 4, wherein the
hi gh pressure of the refrigeration cycle perforned by causing refrigerant
to circulate in the refrigerant circuit (11) is set to a higher pressure
| evel value than the critical pressure of the refrigerant. 6. The
refrigeration apparatus of any one of &Bains 1 to 3, wherein: (a) the high
pressure of the refrigeration cycle performed by causing refrigerant to
circulate A She refrigerant circuit (11) is set to a higher pressure

| evel value than the critical pressure of the refrigerant; and (b) the
refrigeration apparatus includes controller neans (90) for controlling the
liquid flow rate control mechanism (32) so that the tenperature of
refrigerant_discharged fromthe conpressor (15) has a predeterm ned
control tarydtiyelaimed d: The refrigerati on apparatus of claim4, wherein:
(a) the high pressure of the refrigeration cycle perfornmed by causing
refrigerant. té refiigeuitianeppiratus hejuipekd vgeérarefrigirat dlrtui( 1) i whigBtanteQpahder

hi gher pressure |level value than the critical pressure of the refrlgerant

and (b) thele)&hrthgescater9nippRar Blcdndcnel FHSSBARNE ALY, efﬁ%@ﬂ% élg% b
controlling the liquid flow rate control mechani sm 3%) he gas flow

rate cont rQJf]1@@1“@@b§8@11§1%4})’1ﬂ§9tljieh@ﬁlﬁterh%t cﬁ@tﬁp@ﬁ ft[}'ljéfr%fz? r{tﬁ) alrp%ﬁra?{%ar get

di schar ged fromthe conpr essor ) “has pr ede er m ned
val ue. 8. §ﬁg|gerat|on apparatus of any one of cIarns 1 to 3, wherein:
(a) the high pressure of the refrigeration cycle perfornmed by causing

refrigerant,t npul t _ fri nt circult (11) is set to a
hi gher preésuﬁégllerrﬁ@%Vﬁnghgﬁﬁ?ﬁQ= FPF?@&D“%Fég er%mbr“m% HErsf v aer ant ;
and (b) the refrrgera ion a par?tus i ncludes controller means (90) for
control | i ng 1&g Foth e YRR AP EochmmsessrediRail Sar{Bgyragcitvet( Dhéorhi gh
pressure of the refrigeration cycle perfornmed in the refrigerant circuit
(11) has a“preteediaimednicdntirigeranbeityatatinglinthe 19fiigEvet riefuii @ékat i on
apparatus of claim4, wherein:

(b) aliquid injection passageway (31) for supplying liquid refrigerant in the refrigerant

adjustment tank (14) to the suction side of the compressor (15); and

(¢) aliquid flow rate control mechanism (32) for controlling the flow rate of refrigerant in

the liquid injection passageway (31).

2. The refrigeration apparatus of claim 1, wherein the refri gerant adjustment tank (14) is
disposed downstream of an evaporator in a refrigerant circulation pathway extending from the

expander (16) to the compressor (15).

3.  The refrigeration apparatus of claim 1, wherein the refrigerant adjustment tank (14) is
disposed upstream of an evaporator in a refrigerant circulation pathway extending from the

expander (16) to the compressor (15).

4. The refrigeration apparatus of claim 3 comprising:
(a) agas injection passageway (33) for supplying gas refrigerant in the refrigerant

adjustment tank (14) to the suction side of the compressor (15); and



(a) the high pressure of the refrigeration cycle performed by causing
refrigerant to circulate in the refrigerant circuit (11) is set to a

hi gher pressure |level value than the critical pressure of the refrigerant;
and (b) the refrigeration apparatus includes controller neans (90) for
controlling the liquid flow rate cont®8 nechanism (32) and the gas fl ow
rate control mechanism (34) so that the high pressure of the refrigeration

cycl e perf i refrigerant. ci .t (11) ha redeferm ned,
control ta gf\a agﬁlﬁgr%&eoqon%ﬂgm@?ams {335' focSr‘fg’étﬁ%)QP%fsft?gfl%’Ewé? Q%W%gerﬁmé? fhien

t he control | er. neans %%p%'sft , based on the refrigeration cycle

oper at i ona¥* St PSSR RB3Yar get val ue so that the coefficient of
performance of the refrigeration cycle perforned in the refrigerant circuit
(11) has an optimal value obtainable in an operational state at the tine.
11. The rejri_g;rgation apparatus of claim7 or claim9, wherein the

cont r ol | erd.melrge{ri@)atwetapparatnaséanome dfeldiek ritgalr ahiem By Gl RpRuRLdeRal
state, a control target value so that the coefficient of performance of

the refri gefraderoincycle egerhal techubig rérB gbR M doaantc ifihCidint g&%@cit@ﬁ?(ﬂﬁ'
optimal value obtainable in an operational state at the tine. 12. The
ns (90) sets,

ref ri ger atik en t@ppPaLRE 4 i ' th) LR t 1 eFr.

based on 61 the rDefrilsllgé%g? {élgﬁl ‘@}%‘2“@%&?2{??2 gffsggﬂtag?g!c 135%52&0| t ar get

value so that the coefficient of performance of the refrigeration cycle

performed in the refrigerant circuit (11) has an optinmal val ue obtai nable
efrigeration apparatus of

in an operati stat.e at the tinme. 13.. The r _
claims, V\her@i@ﬁ&?ﬁg #]8? F’P%qé%}%?}‘?ﬂyr%ﬁiotfckaf?ﬂﬁ Iilg Wb 88d  with carbon
di oxi de a%alrefrige‘rant. . . . . .

a)” the hightpressure of the refrigeration cycle performed by causing refrigerant to circulate
in the refrigerant circuit (11) is set to a higher pressure ievel value than the critical pressure of
the refrigerant; and
(b) the refrigeration apparatus includes controller means (90) for controlling the liquid flow

rate control mechanism (32) so that the temperature of refrigerant discharged from the

compressor (15) has a predetermined control target value.

7. The refrigeration apparatus of claim 4, wherein:

(a) the high pressure of the refrigeration cycle performed by causing refrigerant to circulate

in the refrigerant circuit (11) is set to a higher pressure level value than the critical pressure of
the refrigerant; and

(b) the refrigeration apparatus includes controller means (90) for controlling the liquid flow

rate control mechanism (32) and the gas flow rate control mechanism (34) so that the

temperature of refrigerant discharged from the compressor (15) has a predetermined control

target value.

8. The refrigeration apparatus of any one of claims 1 to 3, wherein:

(a) the high pressure of the refrigeration cycle performed by causing refrigerant to circulate
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in the refrigerant circuit (11) is set to a higher pressure level value than the critical pressure of
the refrigerant; and

(b) the refrigeration apparatus includes controller means (90) for controlling the liquid flow
rate control mechanism (32) so that the high pressure of the refrigeration cycle performed in

the refrigerant circuit (11) has a predetermined control target value.

9. The refrigeration apparatus of claim 4, wherein:

(a) the high pressure of the refrigeration cycle performed by causing refrigerant to circulate
in the refrigerant circuit (11) is set to a higher pressure level value than the critical pressure of
the refrigerant; and

(b) the refrigeration apparatus includes controller means (90) for controiling the liquid flow
rate control mechanism (32) and the gas flow rate control mechanism (34) so that the high
pressure of the refrigeration cycle performed in the refrigerant circuit (11) has a

predetermined control target value.

10.  The refrigeration apparatus of claim 6, wherein the controller means (90) sets, based on
the refrigeration cycle operational state, a control target value so that the coefficient of
performance of the refrigeration cycle performed in the refrigerant circuit (11) has an optimal

value obtainable in an operational state at the time.

11.  The refrigeration apparatus of claim 7 or claim 9, wherein the controller means (90) sets,
based on the refrigeration cycle operational state, a control target value so that the coefficient
of performance of the refrigeration cycle performed in the refrigerant circuit (11) has an

optimal value obtainable in an operational state at the time.

12.  The refrigeration apparatus of claim 8, wherein the controller means (90) sets, based on
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the refrigeration cycle operational state, a control target value so that the coefficient of
performance of the refrigeration cycle performed in the refrigerant circuit (11) has an optimal

value obtainable in an operational state at the time.

13. The refrigeration apparatus of claim 5, wherein the refrigerant circuit (11) is charged

with carbon dioxide as a refrigerant.



