*159159* Specification REFRI GERATI ON SYSTEM AND METHOD FOR DETECTI NG
QUANTI TY OF REFRI GERANT OF REFRI GERATI ON SYSTEM Techni cal

present invention relates to a refrigeration device and a ﬂlma M ﬁl”lm

- detecting the refrigerant anount of a refrigeration device

particularly, the present invention relates to a refrigeratiori®®é¥Vice that
includes a refrigerant circuit ha‘Sg@@lf@ fighpr essor that conpresses gas
refrigerant and a receiver that |qU| d refrigerant, and a net hod of

det ecti ng REFRIGERATROMSYSTEMAND METHOD FER DEFEGTINGQUANTBACcRET ound
Art One exanple of a conventional refrigeration device that includes a

vapor conpressi on r eREFGHGCERANT OF RERRIGERATION SY8TEM oner that is
enpl oyed to provide air conditioning for buildings or the like. This type
of air cogghpicahkielprimarily 15 includes a heat source unit having a
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site, ﬁeﬁé}ﬂhméﬂuéwr‘e”& 8 foest ré?HgéF’atti'oﬂ” elids Mat .ﬁ&@%&l Qnr%ffrhd\yﬁht pe

char ged anount o refri nt nee ed I n accordance

I ength ofcirchRr Hafing GQE@ﬁﬁnres*é@ﬂﬂféttddhﬁpﬂe'sQ% ga‘e‘,\y‘r%fhdé?hﬁt aRg | seceﬁm tﬂattl sion
as to whether or not the air conditioner has been charged with t

requi r ed storesnliquid refrigergmet; amd airhéthoe oﬁdemctmgdblebaﬁmhrapbamdmttof@

needed for charging on site. This is because the 25 |l ength of the

g]rﬂ@erdﬂfﬂgebﬁﬂiéiﬁvi@l lines will vary due to the site at which the air
ditio [ éal | ed. Because of this, the amount of refrigerant

char ged :hﬂct!igr‘i%ds itr conditioner must rel y upon the charging task |evel.

r obl has a
One air condit 'C?nneeéxérrr]l%‘e sf4 CSC)%l\IgﬁtICterm rePrlgeraFon dewceqﬁa mcltygqes a vapor

compression refrigeration circuit is an air conditioner that is employed to provide
air conditioning for buildings or the like. This type of air conditioner primarily
156 includes a heat source unit having a compréssor and a heat source side heat
exchanger, a plurality of user units having user side heat exchangers, and gas
refrigerant connection lines and liquid refrigerant connection lines that connect
these units.

With this air conditioner, each unit and the lines will be installed on site,
‘ 20 and then during a test operation, the air conditioner will be charged with the
amount of refrigerant needed in accordance with the length of the refrigerant
connection lines. When this occurs, the decision as to whether or not the air
conditioner has been charged with the required amount of refrigerant will be
determined based upon the time needed for charging on site. This is because the
25 length of the refrigerant connection lines will vary due to the site at which the air
conditioner is installed. Because of this, the amount of refrigerant charged into

the air conditioner must rely upon the charging task level.
One air conditioner that can solve this problem is a device which has a

configuration that can detect when the liquid refrigerant stored inside a receiver
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confirguration that can detect when the liquid refrigerant stored inside a
receiver - 1 - provided in a refrigerant circuit reaches a predeterm ned
liquid level, and can detect during refrigerant charging the anount of
refrigerant that needs to be charged into the air conditioner. An air
condi tioner 901 having a configuration that can detect the liquid Ievel of
a recei verovided ibea defrigeraet chelibweathds aSpreefetsemnedtityuid develO andh€ami r
conditioner 901 includes a heat source unit 902, a plurality of (here,

two) userdelestt during Hafrigeranic charging dhe rapauat loirefrigetant thajuneedsftoiler ant

connection line. 6 and a gas refrlg rant connection line 7 that serve to
connect Clhﬁég?fgéﬁtos@@r%i Gditiangs. gﬁdaﬂt@ﬂ%@n%nﬁ’(@% havingi@ qerdigusationni t s

5 primari S sid pansi on val ve and a, yser, side, heat
exchanger 'l‘%tz Cg%hgg\e?&zrtlﬁ? u'&x%ﬁ’ﬁi n vé?%v%rl“f'@l% @%&ﬁﬁahge@xbmmhon
val vegth t to the liquid side of the user side heat exchanger
52, a?ld Z%frel\';iéagé\ét)%wpgj Egt the refrigerant pressure, refrigerant flow rate

and the like. Tihe HFSfordifhetead! XAUABIY hBat 'séu?ceCUH?ISQGZ rbtpl&ﬁ%n%:ye? heat

15 exchanger, and serves to exchange heat with indoor air. esent

embodi meithereq twegruseniunits 5 thhudes canhestedoin pamel, i and faellcﬁméttre%@erbhﬂt
takes in indoor air into the interior thereof, and serves to bl ow air

out war d, candettiorcéipaifi andod gasclednggragt konnettignéipe 7 trati seteerto aianneot! t he
refrigerant that flows in the user side heat exchanger 52. 20 The heat
sour ce uh® heabsouraunit 802 anrg theedsel Wisgr-essor 21, an oil separator 22, a

i L e A o m B ok SRR R o, o
Foony ve y8R R b sy Vol 5Bl sy Miin e 8108 AP WRG AT 11
o0 2 o r RIS Lot Wi b TR BE e
has beenexchanger 52, and serves to adjust the refrigerant pressure, refrigerant flow rate
and the like. The user side heat exchanger 52 is a cross fin tube type heat
15 = exchanger, and serves to exchange heat with indoor air. In the present
embodiment, a user unit 5 includes a fan not shown in the figures) that takes in
indoor air into the interior thereof, and serves to blow air outward, and is capable
of exchanging heat between the indoor air and the refrigerant that flows in the
user side heat exchanger 52.
. 20 The heat source unit 902 primarily includes a compressor 21, an oil
separator 22, a four way switching value 23, a heat source side heat exchanger
24, a bridge circuit 25 that includes a heat source side expansion valve 25a, a
receiver 26, a liquid side gate valve 27, and a gas side gate valve 28. The
compressor 21 serves to compress refrigerant gas drawn therein. The oil
25 separator 22 is arranged on the discharge side of the compressor 21, and is a
vessel that serves to separate oil included in the refrigerant gas that has been
compressed/discharged. The oil separated in the oil separator 22 is returned to
the intake side of the compressor 21 via an oil return line 22a. The four way

switching valve 23 serves to switch the direction of the refrigerant flow during
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conpressed/ di scharged. The oil separated in the oil separator 22 is
returned to the intake side of the conpressor 21 via an oil return line
22a. The four way switching valve 23 serves to switch the direction of the
refrigerant flow during -2 sw tching between cooling operations and heating
operations. During cooling operations the four way sw tching val ve 23 can

t th h t of th tr22adth as side of the
heat - soursatDite: BRbdEeR YaniRg pPSiatBhn Snd Histianaoe doss: MRS SPADG! e

operat oty she Todivay Sk Phye 23BN R I BisCralB bR B ' e
ol | separgits¥patator P, %#@twﬁéedé SR HeRYHFES SRR hddtWkch na@fiz&f%% hoat

connect the |ntake Si e conpressor and the gas si

source sicde keabeetx thrnrgrke24ideTbe thé%o%@é@sﬂ)rwqieaﬁ'@aﬁhe%ﬁbaféiﬁgeraﬁﬂ is a
cross fin tube type heat exchanger, and serves to exchange heat between 10

ai r adbd rehnegtorahinet hat Dadbg rmtmgh@paerasons cthe fdwr wantswitchingevainet2302
includes a fan (not shown in the f|gurg$v)Z that takes in outdoor air into
t he i nt elGagrcami@ctdre outlatjok e eis separatei2diandothevgasirefigarant coapablien of

Chenaot e aincbfers chaneciperaiahersias of tfi‘%%ﬁ@%ﬁ%@ﬂ?@ﬁ%&ﬁ%& ofs 1n

h h Fi 11,
and servaTe 5} shlle BB, 1R hehaiBRr 257 e el BtoR 2 e B eAchanal v
refrigergntisy 6r‘b§§tf|n]’c@1be-'fgfe %%S?ék’@ﬁda@%q 864 Hgﬁl%s% é){&hﬁhﬁe 91%%5 bBBr{eérpe

upper portion of the vess and a arge port on i on of

Qe 1gess@l and F@ngéraﬁlﬂ@hﬂ dctdliab iﬁeétsséd?&@EdThéQf@a‘t BBuRRAUNE 992 %léa&se
pansi on valve 20 25a and three check val ves 25b, 25c, 25d, and serves to

al | ow r efar fage(redttshbwnf indive figqures) that takes ireoutdoof aimintdthe Mitevier therdofof t he
receiver 26 and allow liquid refrigerant to flow out fromthe discharge
port of g swes jeipw, al@outwewdeﬁngns capable geexchanding heabhetween te nai n
S de heaPudarAand30e grfidesast At Gowanibg dlaas soned Fiim HeAaHh@BERT oi de
heat excgingers 52. The heat source side expansion valve 25a is
15 The receiver 26 is, for example, a vertical type cylindrical vessel such as
that shown in Fig. 11, and serves to temporarily store refrigerant liquid that flows
in the main refrigerant circuit 10.  The receiver 26 includes an intake port on
the upper portion of the vessel, and a discharge port on the lower portion of the
vessel. The bridge circuit 25 is formed from the heat source side expansion valve
. 20 25a and three check valves 25b, 25¢, 25d, and serves to allow refrigerant to flow
into the receiver 26 from the intake port of the receiver 26 and allow liquid
refrigerant to flow out from the discharge port of the receiver 26, even when the
refrigerant that flows in the main refrigerant circuit 10 flows into the receiver 26
from the heat source side heat exchanger 24 or flows into the receiver 26 from
25  the user side heat exchangers 52. The heat source side expansion valve 25a is
an electric expansion valve that is connected to the liquid side of the heat source
side heat exchanger 24, and serves to adjust the refrigerant pressure, refrigerant

flow rate and the like. The liquid side gate valve 27 and the gas side gate valve

28 are respectively connected to the liquid refrigerant connection line 6 and the



-an el ectric expansion valve that is connected to the Iiquid side of the
heat source side heat exchanger 24, and serves to adjust the refrigerant
pressure, refrigerant flowrate and the like. The liquid side gate valve
27 and the gas side gate valve 28 are respectively connected to the liquid
refrigerant connection line 6 and the -3 gas refrigerant connection |line 7.

The mai n g4 Féfﬁ?éﬁéﬂt Ebd 'ti'blnlﬁné’f7 t h‘?ﬂéiﬁaiﬁ?@ﬁ{qteeir%r{f’tf&rg&@ﬂios off%gegiiby

t hese devices, Tines, and val ves. Furthernore, t condi t1 oner -9

i ncl udes goniditimed 908 \E ForflRicElsy trite ddvigas, lin8sCarid1adlves. connected to a
predet ernined position on the receiver 26. The 5 liquid |evel detection

circuit 930 is Fosthesctoeel, e vase contitiopee 30 erimtindes ppdiquidnevd| détectiesei ver
26 and the intake side of the conpressor 21, and can draw out refrigerant
fromthe Cpfrcéde&@rﬂﬁahé%%@@@@tﬁﬁﬁoa ?t&d@tfaremeedepos%&n_ oedigeeeq;edmer ?6.te'ﬁlsejr e of
th frigerant, and return t refrigerant to the intake side of the
compr Ssgﬁuﬁ%vgﬁg’ cfing CHFB@@SQH%CB@BG%Q hetygepithe meedeiesminad pesitien whi ch
or edet or 6 'BEERET 67§10 fE4GakE Fida B Tom donaRERsaD AhENE SAT A AR of
liquidr ' i i . recei yer ; h uir ed
alrrgunt 01?r éﬁ@?lgtgtrfraotrrﬁaﬁhse ?ﬁéa(?%éﬁqidﬁ% t ﬁtggﬁg’nn%?re rirég?lggfrhcé’r&f{l{%%léﬁe The

li qui d | gyessutet 6CtHenFeffigbrat! aRdOretindl tHE FefRgBMIRSD thel ntalid sRiRLoP@yé Ny an
open/ cl ose mechani sm 931a conposed of a solendid valve 15 and a pressure

reduct i ocomgreasors21 99éke, chetpredetenhirred positibarof thelbecdivet 26 36wtfish tife
reduce the pressure of refrigerant that is provided on the downstream side

th e opiaH)ctleyebdatastiani ciioud A3 isaconnedtednie adiret pretisternined patrsﬁtmm sm
dounst r 48 Fi T FRLCHT SRS loctiacamBHNhaL kit dmimsrant tat netosed o
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15 and a pressure reduction mechanism 931b composed of a capillary tube that
serves to reduce the pressure of refrigerant that is provided on the downstream
side of the open/close mechanism 931a, and a temperature detection
mechanism 932 composed of a thermistor that is arranged at a position on the
downstream side of the pressure reduction mechanism 931b.
‘ 20 The act of charging the main réfrigerant circuit 10 of the aforementioned
air conditioner 901 (which includes the receiver 26 and the liquid level detection
circuit 930) with refrigerant (e.g., R407C) will be described.
First, the circuit configuration of the main refrigerant circuit 10 will be
placed into cooling operation mode. During cooling operations, the four way
25 switching valve 23 is in the state shown by the solid lines in Fig. 10, i.e., the
discharge side of the compressor 21 is connected to the gas side of the heat
source side heat exchanger 24, and the intake side of the compressor 21 is
connected to the gas side of the user side heat exchangers 52. In addition, the

liquid side gate valve 27, the gas side gate valve 28, and the heat source side
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25 switching valve 23 is in the state shown by the solid lines in Fig. 10,
i.e., the discharge side of the conpressor 21 is connected to the gas side
of the heat source side heat exchanger 24, and the intake side of the
conpressor 21 is connected to the gas side of the user side heat

exchangers 52. In addition, the Iliquid side gate_valvegZ?, t he gas sided
at e val vexpaBsiondaivBe25 e TPENel, Bndethe?afERERS bPthe Ys¥P stP e?hEndBgned:
gnd the aperture of the user side expansi on6 val ve @1 i's agj usFeé 3 ﬁs to

reduce t halye 8% uadjusfed seas & réd;&feathb-pr&%éd‘retdf_ﬁth@ﬁéﬂﬁiﬁéﬁrﬁj gerant circuit
10 in this state refrigerant will be charged into the main refrigerant
circuit 10 froriVithethexteainorefrigerardf cirauitl 19 i thilstate, mm'gi}rann W“klll bebe
erformed, More specifically, when the heat source unit 902 fan, the user
Enit 5 faﬁli‘,af%ﬁg Iptoe they Al &effigenanty ereidt & &em jhe extefior grereof, andaa

eS8 B e e SRR oot 46 o
coeSPOnAiioh e, WRERTR S U lisdhs U8, R

: - t & ger and
thel o {emekant SFEoRdoure Py ol 43 UPa)1ags B AT B30 f i ekt

refrigeramb the sempressoh@ihantl compessseddto erésairehppgabodt /6 avipae four
way switching valve 23, exchanges heat with outdoor air, and is condensed

(see poi BOrgspanging. tola)cormeasation desperatucziof SIBC &frrthgerefigerant lin e sent
to the user units 5 via the bridge circuit 25 and the liquid refrigerant
né@t i 3’#4 SREree sifgeheat; exchanger 24)ef Aftge thist thenaefrigerardnwillt e skat tser

' ' by th i d ansi on val ve 51 (see
poi i B e CERgB8iespr 2815 SEHafete for Bhs e iasientand rma dreaiopiny B rkiguser

cvapor at 63 gaanep gt e s P LB FRrGERENP R, fent indechightedlspe 21 o
e SonePSELenaNer 2B 08y RS S 20 e AL, 2
Wil be ochtdapedaii,nand tifecomaenseef(seaassint Coi Figt 129 TWé I®ndensed liquid
15  refrigerant will be sent to the user units 5 via the bridge circuit 25 and the liquid
refrigerant connection line 6. Then, the liquid refrigerant that is sent to the user
units 5 is reduced in pressure by the user side expansion valve 51 (see point D
in Fig. 12), and then exchanges heat with indoor air in the user side heat
exchangers 52 and evaporated (see point A in Fig. 12). The evaporated gas
‘ 20 refrigerant is again taken into the compressor 21 via the gas refrigerant
connection line 7 and the four way switching valve 23. The same operation as
the cooling operation is then performed.
Refrigerant will be charged into the main refrigerant circuit 10 while
continuing this operation. Here, by controlling the flow rate of air blown by the
25 fans of each unit 5, 902, only a portion of the total amount of refrigerant that is
charged from the outside will be gradually stored as liquid refrigerant in the
receiver 26, because the amount of evaporated refrigerant in the user side heat
exchangers 52 will be balanced with the amount of condensed refrigerant in the

heat source side heat exchanger 24.



contirnuing this operation. Here, by controlling the flowrate of air blown
by the 25 fans of each unit 5, 902, only a portion of the total anmount of
refrigerant that is charged fromthe outside will be gradually stored as
liquid refrigerant in the receiver 26, because the anmpbunt of evaporated
refrigerant in the user side heat exchangers 52 will be balanced with the

amount of cond®Nestd while i ger anforementionebticatfrigevaste chdtginieadparatibanger 24.
5 Next, while the aforenentioned refrigerant charging operation is
per f or neferforvedpéhe cpesiclose mechanion 1231 of ke lliqyid teved\dstectire circuin

circuit O wll be open, a portion of the refrigerant wll be drawn out
fromthe gaﬁr‘é’m Sr%‘&%’i"e?nﬁ’%eﬁpqsmq sefrigerat wilebe edr@wre pup dron Hbepfirst sur e
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10 26 is low, and the liquid level of the liquid refrig oes not reach

the firstemperateteedetection mesitiarmsmli2, aind thenrtbeaefiferaft wilbse Fetufnaefant in
the saturated state (see point E of Fig. 13) wll flow therein. This gas

refri ger #m iniake sige of teelgoawressqr?dssure to pressure P. by the pressure
reducti on nmechani sm 931b and reduced in tenperature from about 570C to

about 20' C (a {ieHgpwRihtBat the amaust pbinediauis ceirigerantsterssl ipdhatreseiver Fi g.
gy 10755 riohe b BBpi Mieb et B ictines '@'@é&r&;&oééfnlék%%%%hhéefﬁ‘s’?es

° ! _ ) 0 =T Vel A
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pressure reduction nmechani sm 931Ib, the tenperature rigerant will
rapi dly redhoes fnr pressbmsito pRSYSUr® Fq,k?-lthe'iﬁﬁs(s@re redpIcH HHeRhbRdKe bhep, of
u

about 47*C)(see point | of Fig. 13) e to the
and reduced in temperature from about 57°C to about 20°C (a temperature
15  reduction of about 37°C)(see point F of Fig. 13).
~ After this, when the liquid level of the liquid refrigerant reaches the first
predetermined position Ly of the receiver 26 and liquid refrigerant in the
saturated state in the receiver 26 flows into the liquid level detection circuit 930
(see point H of Fig. 13), by reducing the pressure of this liquid refrigerant to
‘ 20 pressure Ps by means of the pressure reduction mechanism 931b, the
temperature of the refrigerant will rapidly reduce from about 50°C to about 3°C (a
temperature reduction of about 47°C)(see point | of Fig. 13) due to the
occurrence of flash evaporation.
Thus, in this air conditioner 901, a liquid level detection circuit 930 is
25 provided which takes a portion of refrigerant out from the first predetermined
position Ly of the receiver 26, reduces the pressure thereof, measures the
refrigerant temperature, and then returns the refrigerant to the intake side of the

compressor 21. Then, if the refrigerant taken out from the receiver 26 is in the

gas state, the liquid level detection circuit 930 will reduce the temperature of the
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occurrence of flash evaporation. Thus, in this air conditioner 901, a
liquid level detection circuit 930 is 25 provided which takes a portion of
refrigerant out fromthe first predeterm ned position L, of the receiver
26, reduces the pressure thereof, neasures the refrigerant tenperature,
and then returns the refrigerant to the intake side of the conpressor 21.

Then, if refnigeraritr iegiicadt int plessuin thetiquitk levet eletectio?t cirsuit 1930ha sraalk
state, the liquid |evel detection circuit 930 will reduce the tenperature
of the - @M (erpeintdairsgintd pf Eigutd, andtifithe refripdrardvakeni et fromon

i rcui f int E int Fof Fig, 13 dif
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liquid redrperdtans rdductiba is &rekYele Rfuid o\l Helsctith difcdihe3d Wilﬁ&etermin?
predeterm ned position L1, and if this tenperature reduction Is snall, the

li quid | ¢hatlthddigead refrigerant duiie BRRiverl 26 destecdd upab thédirstestadeRtmuiadint  of
refrigerant has been charged 10 into the main refrigerant circuit 10 by

det er ni nPAgitioRak1, tand ifithis termpenatyyer raductiantis smalg dbevienui@ éevel detettidreen
stored up,to,t first predetermned position Li. (e.g., refer to Japanese
Parent UBERAmOR0av L Artebh it g eabes Amounupt et hascbeonichrass | s

g A AT B e PR 0] bt B
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21 is hi gdfer taJashdgeoPatehh enexdininedPublicBidn NOWG%SSPGL@F)H ating
refrigerant will be changed from RAO7C to R410A or the [ havi ng

saturation preeweverctheraovidrbetingss (i which thé aforephéritimeBotriveritidatl ar e
hi gher in pressure than 20 R407C, R22, or the |like. For exanple, as shown
in Fig. aif cansdifipneicdlipatust ibegoperatedjander cosditions in which the temperature
15 of the heat source (such as the outside air) of the heat source side heat
exchanger 24 is high, and the refrigerant pressure on the discharge side of the
compressor 21-is high. In addition, there will be times in which the operating
refrigerant will be changed from R407C to R410A or the like having saturation
pressure characteristics (i.e., a low boiling point) that are higher in pressure than
‘ 20 R407C, R22, or the like.
For example, as shown in Fig. 14, when the operating refrigerant is
changed to R410A, because the boiling point of R410A is lower than that of
R407C, the condensation temperature of the refrigerant in the heat source side
heat exchanger 24 during cooling operations is assumed to be the same 50°C as
25 when R407C is used, and the condensation pressure in the heat source side
heat exchanger 24, i.e., the discharge pressure P4 of the compressor 21, is
assumed to be about 3.0 MPa. Under these conditions, if the refrigeration cycle
during cooling operations is drawn in Fig. 14, a line will connect points A’, B’, C’

and D'. Here, the point one must pay attention to is the inclination of the vapor
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changed to R410A, because the boiling point of R410A is |ower than that of
R407C, the condensation tenperature of the refrigerant in the heat source
side heat exchanger 24 during cooling operations is assuned to be the sane
50C as 25 when R407C i s used, and the condensation pressure in the heat
source side heat exchanger 24, i.e., the discharge pressure Pd'" of the

conpr essdine2dt pbint E28E WHih tHe hge %EPH%erﬁ-@-Wﬁterb@&;grwiH?ﬂ%vﬁﬁafjiiﬁé.oﬂ§’ ;f

the refrigeration cycle during cooling operations Is awn 1h Frg. 14,
line wi | IshowmacFigsoil@tandd\13, ®henR4020ds UsedHey the dperatingnefriegantidke pay
attention to is the inclination of the vapor -7 line at point E at which
t he |i ne igeliadion & the vapnrdineeat poinit thh at véhiolapoe linersegmant BHO\intersedts gs.
12 and 13, Wg?en RA0O7C is used as the operating refrigerant, the .

i ncl i nat iGN b1 VARCR LIS ARRIOXHEDatedl werticahwitiifrepettte therorizanteiaxigoc

I nt t.s . wWih.t 1 ' | pat el i cal ., wi_Lth t
LB R A PR YRS S A L (430 1
Ho , ' hg- i 4 I.Sy: o i b nel i ' f th
vt RPN T iR, Y BUIIERY e BAARR Bl
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reached af pnediteenpts ne digtect whethebor TrANRe abfrigerant Stordl ireved réligst2en 10
circuit 930, then as shown in Fig. 13, if R4AO7C is used the degree of

t enper at as reaahect aopregetermjoed rpfsitiare bynmeanst bk tisatliquid devedt ddtection

reduced in pressure (from point Eto point F of Fig. 13) will be snaller
‘an 1Phe eyt &80pthaneap shawirie Figetdic RIQ7hisrusadiherdegreei ofdeaperature he
urated

13) - Powd VeI WERE A R 9 2Rt B e samiad LSS adised i Ripssiredimreye
h - : j . ' d state i duced
- pr essBeT Borcn POt T 3138, 19 WS Einahefinaf el bRed” of i BmpRatlfe °°

reduct | oneMiidtlorP WIRMOAYGE Gehty AT if R RyaRes %ttét‘énisoFeCdUc%]diriE) bldbdfs

refrigerant 1n the saturate tate is re I N pressure poin
point I (from poit H %9 poiatieoft igt 18).t hHeweher, é@%hb@ﬁriﬁﬂtig. 45! FMEIGA S €

reducti on of about 20 47C (from50C to 3C) will occur.

15 used, in order achieve the two-phase state when gas refrigerant in a saturated
state is reduced in pressure (point E' to point F' of Fig. 15), the same
temperature reduction will be produced as when flash evaporation occurs if liquid
refrigerant in the saturated state is reduced in pressure (from point H' to point I’ in
Fig. 15). Note that with either refrigerant, a temperature reduction of about

‘ 20 47°C (from 50°C to 3°C) will occur.

Because of this, even if the liquid level of the liquid refrigerant does not
reach the first predetermined position L of the receiver 26, the sudden reduction
in the temperature of the refrigerant taken from the first predetermined position
L1 of the receiver 26 will be detected, and errors will occur in the determination of

25 whether the liquid refrigerant is stored up to the first predetermined position L of
the receiver 26.

In addition, this phenomenon is not limited only to situations in which the
operating refrigerant is R410A. Even in situations in which R407C is used, the

same phenomenon as with R410A will be produced if operations occur under
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Because of this, even if the liquid level of the liquid refrigerant does
not reach the first predeterm ned position L, of the receiver 26, the
sudden reduction in the tenperature of the refrigerant taken fromthe
first predetermned position L, of the receiver 26 will be detected, and
errors will occur in the determ nation of 25 whether the liquid refrigerant

haa £ on o RitteRs B ind STREST A Bndatire s onoand che éﬁ%%h%%ﬁo%ﬁ'ed' "
: . . | TEa™ 19 SF : gl |

Phe. & amaeiBlratife Shing TeracRiy 1RGNt SbR iR SXEhirast 245 bidtlr®

under 8 qudubbORe pOsiHbh CF pAIRt EUIHTs aiF JrRiMR8r RHIULRift SpRha 24 éﬁﬁgat

condensation tenperature of the refrigerant 1 n the heat source sid
exchangerin@ihation fuf gie vapercpshese wilanpesidfivardof point E in Figs. 12 and 13
will shift upward, and the inclination of the vapor phase will nove

| ef t war d.Disclppdrel @dhednvdntione | nvention In a refrigeration device including
a refrigeration circujt having a_  conpressor and a receiver, an object of

the present inJ@n@i éefrigeration rie\des einchidingipal refigeration cjiauit Ihavilg a
detection circuit to accuratel gﬁigrm r}ﬁ whet her, or not . liquid
refri ger AfRTESSPILARY 4 [RCelves é? &rofi thePresent inygntien ds &0 incgersethe 10
The refri t] ; i [ sed in . [ l,he) a mai.n. refrigerant
cirout S 4 e G Kl BieaRR htuf 18 Al HERRmha Hreeet 8Bt cui «
I ncl udes |iaui (R i I source side
heat echlgggar, éggfglgeéite%? fpﬁgé?ﬁ%ﬁggﬁﬁgﬁ@%%%Faﬁ??ﬁgﬁid user side
t 18xchanger SheTtefrigériatioh didvisee tistadszet inotlah I'cidludes arhamdedri§erand t o
capabl e of drawing out a 15 portion of the refrigerant in the Teceiver
from a proyeuit@ndi adduidodevei deteofion kircuibceThe maingetrigergnt tiecuit imshudies f t he
refrigerant and heating it, nmeasuring the tenperature of the refrigerant,
and t hen COBIRIEB$PIthah sOMPressfs: @as refogeranti ahgaé sourageside hemé exohamngarsor

:opegra? g;rﬁt ﬁ%%?%%gfq%\?hoﬁépeesr “él.rlllg rleifﬁglfér%nlt,egr?cli ljsrértsqgerheecaetié/xecrhaniggrsét 1t'|'?ee

liquid level detection circuit is arranged so as to be capable of drawing out a

15 portioh of the refrigerant in the receiver from a predetermined position of the
receiver, reducing the pressure of the refrigerant and heating it, measuring the
temperature of the refrigerant, and then returning the refrigerant to the intake
side of the compressor, in order to detect whether the liquid level in the receiver
is at the predetermined position.

. 20 This refrigeration device includes a liquid level detection circuit that is
capable of measuring the temperature of refrigerant drawn out from a
predetermined position of the receiver after pressure reduction and heating. With
this arrangement, because there will be a large increase in the temperature of
the refrigerant due to heating when the refrigerant drawn out from the receiver is

25 in the gas state, and when in the liquid state, the heat energy due to heating will
be consumed as latent heat of vaporization and thus there will be a small
increase in the temperature of the refrigerant due to heating, the liquid level
detection circuit can determine that the liquid refrigerant is not stored up to the

predetermined position of the receiver when there is a large increase in
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20 This refrigeration device includes a liquid level detection circuit that
is capable of nmeasuring the tenperature of refrigerant drawn out froma
predeterm ned position of the receiver after pressure reduction and _
heating. Wth this arrangenment, because there will be a large increase in
the tenperature of the refrigerant due to heating when the refrigerant
drawn out fromthe receiver is 25 in the gas state, and.vxlnen in the liquid
state, tHefrigasanttempratire, and icaatdetgrminkl thabthes imsid reftigesantisestborddead  of
vapori zat i OB and thus there will be a small increase in the tenperature of
the refritgdParRredaterminem posiign ehibe repgiver when thg@ @ctalmt’aild:urrczrease dmn
determne that the liquid refrigerant is not stored up to e ) .

pr edet er r{gf{@&rﬁ%tsfecmg%a&l’ret hérmgch@Er”W%rnCE%%F'%? érl’ QN'P'&Pgt@e} rr?cfrr*@?fiﬁ: i ins- 9
refriger , . det e n liguid refrigerar
stored ugﬂé\{vhecﬂﬁ?ﬁghgtrgrﬁﬂﬁggsn% Ieﬁ%hraﬁg&g%g %tég%ﬂigfa oPh r8aie a
smal | 51 NGg PRS@UAdY dLRAG IPIEEANRE reBIBEERIBEGusENIR: liHE Te V] Hlte &R UFQ{;@ S In

which the refrigerant “drawn out Tfromthe receiver'1s In the Sa gas

state, amdnadétermineawhethentor otiliguiy RIHNEEANEW siled LPSBUHE JradEtdifed
because the liquid level detection circuit can determ ne whether or not

| i qui d r ¢lositiper ahtthe yeseweedthep detertriieatiore detaravyntitbrepbsahi 198 inforé sy
receiver, the determ nation accuracy thereof can be inproved conpared to
when a cGRUBAEENtR Wheia cewmantigeakdiguish levelc detedtionusirduit ois diseer to nfe .
whet her or not. refrigerant jis _stored up to the predeterm ned position of 1
t he recei({%?mwemgeb?r bakrefigerap 'St‘ﬁ@f%HﬁéPé*ﬂ%npéed%ta[ratnegrmﬁjtﬂcpmgf

| ' ti device disclosed in claim2 is the
U714’ Sind FeekibarBy Oght 81 NS, b BinatlBsieiiBhon g pssiRr s
ositi iophi ch gas refrigerant or liquid refrigerant can be present
3hgn thqgﬁ%ﬁﬁﬁmof rgfrigerant 15 stored in the receiver has changed. The

refrigeration el efrigéraciblsRiidedBRIsEISN Sath@ QefhieC@%\ﬂEe @itk 10n 2.
in which the liquid level detection circuit includes a bypass circult and a
t enper at whichidhecpriedeteretihedi positidinefbineasecaivercis ta iposltivdeat amhiewegds! ose
refrigerant or liquid refrigerant can be present when the amount of refrigerant
15 | stored in the receiver has changed.
- The refrigeration device disclosed in claim 3 is the device of claim 1 or 2,
in which the liquid level detection circuit includeé a bypass circuit and a
temperature detection mechanism. The bypass circuit includes an open/close
mechanism, a pressure reduction mechanism, and a heating mechanism, and
. 20  connects the receiver with an intake side of the compressor. The temperature
detection mechanism detects the temperature of the refrigerant after being
heated by means of the heating mechanism.
The refrigeration device disclosed in claim 4 is the device of claim 3, in
which the heating mechanism is a heat exchanger that uses refrigerant which
25 flows inside the main refrigerant circuit as a heating source.
With this refrigeration device, another external heating source such as for
example an electric heater or the like will be unnecessary, because a heating
mechanism is used that uses refrigerant which flows in the main refrigerant

circuit as a heating source.
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mechani sm a pressure reduction nmechanism and a heating nmechani sm and 20
connects the receiver with an intake side of the conpressor. The .
tenperature detection nechanismdetects the tenperature of the refrigerant
after being heated by neans of the heating nmechanism The refrigeration
device disclosed in claim4 is the device of claim3, in which the heating
erant which 25 fl ows inside

' ' hat . efri . !
The main v ef 1| JERIRT GPART deica RISy GBS MEdeHEs SR 41 on
' ' h f .exanp| | ectric
neat or oK et qi selfeR b el BHRfo SHE s s, LA TRl <
' i | L ol ' ' t Ireult as
- heal | no e e e NS 7 B By B Blre R excheb bl 12

devi ce ofarel aser 4idd heatxehahfersheaticGeatHg CRethahiBm e aridigedE A SM i s
liquid refrigerant which flows in the main refrigerant circui't between a

heat Bourhypass derdutamazs ctlewpstrearandf tiserflow df fefdgerant thagethe. pldwubeat i ng
nmechanismis arranged in the 5 bypass circuit nore downstreamof the flow
of refri gedugtionmeghe@mnismpr essure  reduction mechanism Wth this

refrigerant deyj,ce, changes in refrigerant tenperature will be small, and
the refri geranM&'érT-B@r ﬁr}ﬂgﬁr%’fl eviRe, ciangest inv eafligerant tempevature fwi ke

SXeRaNgS oS o TGS PR W DRSS S SRR e
o L5, exEAbAUASE Yt BBaLAOMRe Rathe ML UELs R AARERIA Yl °"

QVi ¢@ Offlowdy ifthe ChiaiiMErefridedaft cabditfay tefeating! s6GRean 'u'siFaBK thisaui d
vel detection circuit that has the sane structure as that of the [iquid
| evel detrefrigecantdhatcfiows irethe liguidllever detegtion sipcwis cam® bersdablgeatedior ti on of

refrigerant in_the receiver froma reference position of the receiver that
i s conti nuousl yhei refdgetation devigeddiselosiedeinantaimebeis theedevioe aframyt obf
refriger %?atimsét? rtSOIS,iann ?L?rtr{eerci%icl\ﬁ%resh:ns aﬁgﬁig?yeﬂduid level detection circuit that
has the same structure as that of the liquid level detection circuit, and is
15 arranged so as to draw out a portion of refrigerant in the receiver from a
reference position of the receiver that is continuously filled with liquid refrigerant
even when the amount of refrigerant stored in the receiver has changed.
With this refrigeration device, by providing the auxiliary liquid level
detection circuit having the same configuration as the liquid level detection circuit
. 20 at the reference position at which liquid refrigerant is continuously stored in the
receiver, the temperature of the refrigerant can be detected by means of each
temperature detection mechanism of the two liquid level detection circuits, and
the liquid level can be detected by comparing the temperature of the refrigerant
detected by the temperature detection mechanism on the auxiliary liquid level
25 detection circuit side as a reference, with the temperature of the refrigerant
detected by the temperature detection mechanism on the liquid level detection
circuit side. Thus, the presence or absence of a liquid level can be easily

determined, and measurement accuracy can be further improved.

The refrigeration device disclosed in claim 7 is the device of any of
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Wth this refrigeration device, by providing the auxiliary liquid |evel
detection circuit having the sane configuration as the liquid |evel
detection circuit 20 at the reference position at which liquid refrigerant
is continuously stored in the receiver, the tenperature of the refrigerant
can be detected by neans of each tenperature detection nechani smof the

two |iquicthitneveto Beinewhicartheirefrigerant tAaeflowBen kihélHidin |réﬁ§|er§rﬂrbir%it%{cﬁ0t ed
by conparing the tenperature of the refrigerant detected by the

t enper at theligisit éevel detestiohaiicsihincludés R3Axat| 50awifhs ldrqueater.evel 25 det ecti on
circuit side as a reference, with the tenperature of the refrigerant
detected by t h&Vhemthe efligeranétebeiusedincidas Rddat S wtli quyeatenas the

can be oAeernaIATEsRaRRd! %%wh@%&%%%ﬁﬁfﬁmgéaﬂéiq?gé%m,é)%e?ﬁ'piﬁgﬁieé’ o'feave'f

' d; Tl ' ' ' di.scl d i laim7 is t |

any. of - 9°IeVE] GeRELE becde it W raShE e Rt oY an oy diasa i i
y 31 #8711 8%, FHMICCH U HiS vEAPPHERneY ehae™yet i 1

50 w56 o 1 Qi i, RGuL DECdsS iere TR o B REMERS, Rtk obfie a8e o6

or great @§hean th@@reémﬁéaéritﬁﬂllpyﬁfﬁairgﬁf e coﬁd@fs%twhltbnﬁﬁrétjuﬁegnéar w*@ﬁdt he

presence or absence of a 5 [iquid |evel cannot be determ ned wth goo

accur acy obythe cefrigenamtoral thei dieiatl $ewrek dielee digatnexdhianger, dodsgueeolier e
will be a leftward inclination of the vapor |line in the pressure-enthal py
chart at OpReatmsRIS sefrigarand mbargingrapgratomns.sodpwewer, twith this refgigesation n t he
heat . source, side heah exchanger during cooling operations and refrigerant
c‘rb‘?ngdﬁﬁ'gﬁaﬁ‘@ﬁs\” EBviBgeADOVR {¥Pe W Cresating detigesant sotuide vsed.ethén when
t abov

o o0 ol By BRIt B8 Phok b eBatiEr Hingbl A Job 2l o
e heal 1648 SEATR P 0T I pRL bR S Tt 060 SR VAL e
anount othd RéatirErdthahinfis @rovidadrtaelepn 15 device disclosed in claim8 is
a nethod of detecting the anbunt of refrigerant in a refrigeration device
having a refri gaeanmeticod cafi tetdeting ihec lautmmtaofc oefpigessittr it Ratefrigeration
15 device disclosed in claim 8 is a method of detecting the amount of refrigerant in a
refrigeration device having a refrigerant circuit which includes a compressor that
compresses gas refrigerant, a heat source side heat exchanger, and a receiver
that stores liquid refrigerant, the method including a compressor operation step
and a liquid level detection step. The compressor operation step increases
. 20 pressure up to the point at which the refrigerant that flows in the refrigerant
circuit can be condensed in the heat source side heat exchanger by operating
the compressor. During the compressor operation step, the liquid level detection
step will draw out a portion of the refrigerant in the receiver from a predetermined
position of the receiver, will reduce the pressure of the refrigerant and heat it, will
25 measure the refrigerant temperature, and will determined whether or not the
liquid level in the receiver is at the predetermined position based upon the
refrigerant temperature measured.

With this liquid level detection method of the refrigeration device, when

the compressor operates to increase pressure up to the point at which the
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.conpresses gas refrigerant, a heat source side heat exchanger, and a
receiver that stores liquid refrigerant, the nethod including a conpressor
operation step and a liquid | evel detection step. The conpressor operation
step increases 0 20 pressure up to the point at which the refrigerant that
flows in the refrigerant circuit can be condensed in the heat source side

heat exclpaagsirebyf ofher &éfr?rarﬁthehﬁtomsm thePuiefrigeraRe SRS QB OBause
operation step, the liquid | evel detection step wll draw out a portion of

t he refricgedansation imthe beal seurcérside dept eachangem eefrigpaarittin dhe oéceiker

receiver, W ll reduce the pressure of the r,e_fri@gerant and heat it, wll 25
measur e MHUebﬁedraw\e@larﬁrometﬁgdqrad@ﬁegnlrmjpwtlon the reoriverhe peassore abt t he

the et lgseliesanpaf Be Reures ke Rrtaciant ol st and it tion

. . . ' h '
et hofl QtamBBrdfl bEMEIeATY i e BBy RV TBTE SRR Biche
refr ger direl Wtod bQ¥fad ctdid RithedBhirafié Withe WeiraefAMSfue (PAGSHRAL | ON
in the heat source side heat exchanger, refrigerant i e recelver |

be drawnwhén fheorsftiderapt ereie ol froth BRS rddeierds i fife GasatNR! antendH gssure
of the refrigerant will be reduced and the refrigerant will be heated, and

t hen t he the tiguigestatey tiee béat érengyfduegter kedting Wil e comsigmed cis [s¥etn hielt of
arrangenent, because there will be a | arﬁe i ncrease in the tenperature of
t he ref r vgepEZAtigTUEaNHothisathieng) Wilkthen at sreafl dneiegseaint ther tamperaturer ofvthene

. ecf&@eéa%f?@ispﬁgqugﬁsmﬁénfgiéhg ﬁﬂym%geLgeqetagéﬂ'tciir%ﬁﬁgagﬁfét%fagitgg? fen and
rerri gor St ttrrBerahe 3¥Tios <tORE°fS dai el BBk TBTRRY i hife idepiver
det er m ngHedtheld s allage iﬂc{]ﬂsb' iHGER ré%ﬂ%ﬂ%gﬁ%ﬂfr@dar‘f@ cfaﬂ ddi€rmine that

predet erm ned position~of the recelv ere IS a large increase in

refriger and ligaiprsfAberamt i8MorANuPabehBl predelsrnin@dsittH 8f kel rbeauant is
stored up to the predeterm ned position of the receiver when there Is a

smal | i nwhemséhere isefir smallantraasepiy adfrigeranthiemperatureumiers, veponddér ons
in which the refrigerant drawn out fromthe receiver is in the saturated
15  conditions in which the refrigerant drawn out from the receiver is in the saturated
gas state, and a two-phase state is produced during pressure reduction, because
the liquid level detection circuit can determine whether or not liquid refrigerant is
stored up to the predetermined position of the receiver, the determination
accuracy thereof can be improved compared to when a conventional liquid level
. 20 detection circuit is used to determine whether or not refrigerant is stored up to
the predetermined position of the receiver by means of the size of the
temperature reduction during pressure reduction.
Brief Description of the Drawings
Fig. 1 is a schematic diagram of a refrigerant circuit of an air conditioner
25  of a first embodiment of the present invention.
Fig. 2 is an enlarged view of Fig. 14, and shows the operation of a liquid
level detection circuit of the first embodiment and a second embodiment.
Fig. 3 is an enlarged view of Fig. 12, and shows the operation of the

liquid level detection circuit of the first embodiment.
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~gas ‘state, and a two-phase state is produced during pressure reduction,
because the liquid |level detection circuit can determ ne whet her or not
liquid refrigerant is stored up to the predeterm ned position of the
receiver, the determnation accuracy thereof can be inproved conpared to
when a conventional liquid |level 20 detection circuit is used to determ ne

whet her or not Figf Aiiger sctiermatic tiageamugr 4 eefrigbeantr@deitasframan doeslitioran of
the receiver by nmeans of the size of the tenperature reduction during

pressur e &gt a ofirst Braglificadionr opt then ligtict Hevedr detentionFicgcuit of thesfitstmat i ¢
di agr am of 6 refrigerant circuit of an air conditioner 25 of a first
enbodi nmerf™ ?dwtpresent invention. Fig. 2 is an enlarged view of Fig. 14,

and shows t he rat.ion of a liquid |evel detection gircuit, of the first
embodi ment and%gssgd%ﬁdsém%ﬁ'%aﬁgrarﬁi%aéef(fi'geéﬁﬂté}‘ﬂcélftdgci’r\/%\ﬁoé'ﬂ'tﬁnﬁf 12,

amboatronl2 119 & o] riduiicafion, GFME I 104 BEiactBp Pk br dhe Bt of °

an air codbsdignsit. having a first nodification of the liquid | evel
detection circuit of the first enbodinment. Fig. 5 is a schematic diagram

of a refrigeraritigcérisa scheimatic diagraranstid refrigerart diuitid b 8¢ €@Rditioner
nodi fication of the liquid | evel detection circuit of the first

enmbodi rerffavimg @ thirds modificativa iof theadigaid dével detedtiper aittuiti ot uhé fifst an

air conditioner having a third nodification of the liquid |evel detection

circuit &Mpedimantst enbodinent. 10 Fig. 7 is a schematic diagram of a

refrilgerant Ci ‘rf:uiz.of an ai rt. c%ndi tioner havi nq a fourth npdification of
'Pqui d | evel'9deiR & FERMAYCREram qfiferefrigetant girgyiliqhan air gogditigneg o
emat i :Telg a-efdd a LreUi. I.L,. condi tionger, of

second eﬁ]oagﬁﬁeaﬁt% g&htﬂtdaﬁﬁdgg@ht Bf ﬁ\&énﬁ%ﬁ e tetbdrici Bl OB 'the firsf

embodiment.

Fig. 8 is a schematic diagram of a refrigerant circuit of an air conditioner
of a second embodiment of the present invention.

15 Fig. 9 shows a receiver of the air conditioner of the second embodiment.

Fig. 10 is a schematic diagram of a refrigerant circuit of a conventional
air conditioner.

Fig. 11 shows a conventional receiver of an air conditioner and a receiver
of the air conditioner of the first embodiment.

. 20 Fig. 12 is a R407C pressure-enthalpy graph, and shows the refrigerant
cycle of a conventional air conditioner during cooling operations or refrigerant
charging operations.

Fig. 13 is an enlarged view of Fig. 12, and shows the operation of a
conventional liquid level detection circuit.

25 Fig. 14 is a R410A pressure-enthalpy graph, and shows the refrigerant
cycle of a conventional air conditioner during cooling operations or refrigerant
charging operations.

Fig. 15 is an enlarged view of Fig. 14, and shows the operation of a

conventional liquid level detection circuit.
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15 Fi'g. 9 shows a receiver of the air conditioner of the second enbodi ment.
Fig. 10 is a schematic diagramof a refrigerant circuit of a conventional
air conditioner. Fig. 11 shows a conventional receiver of an air
conditioner and a receiver of the air conditioner of the first enbodinent.
20 Fig. 12 is a R407C pressure-enthal py graph, and shows the refrigerant

I f | ' L ti during cooling operations or
(r:é(‘:r?ggr%S?%%E#ﬁggt%@g;?ﬁgﬂ@é‘riy%g]%gﬂsui s an en: argled view of Fig. 12t
h h il f i el ¥ i lrcuit.
25 F g 1415 o ROt of the TEMKRRHCT Boyice bt e B ent TR by

cycl e of descrivedbbicwnaith aéferémdislid therfRjuréslr i ng cool i ng operations or
refrigerant charging operations. Fig. 15 is an enlarged view of Fig. 14,

and showdFirsteeropedimendth of a conventional liquid |evel detection circuit.
-14 Best Mbde For Carrying Qut The Invention Enbodinents of the _
r ef ri ger 41) Oxe@d\qandigufationeofgre@iesonditioneti on will be described bel ow with

reference to the f{' ur es [{airst_ Enbodi ment] S5 (1) Overall configuration of
an air conditi 6ifer %@.SC}I‘e tic dag@maf @ wftgeramt gircuit obmn gjecanditionecui t

\ OrR : \ ‘
the rerriiget Aret ERpcideft. dhd,bo%) aBCAR SXRTRe  dihe TRE adiates deviaan r?lz
' ' ' ' ir ¥ohdi - ] ce uni ,
L) U fhe ipfEsediangBRER, TRES SahdifcpRfl { il e Tha SRPVEMUIS AE | o

to the heshdiioner@0uNatheat suiffcd Unit!i & pl@lityosf tiiire, GRONESE GRitd ENRaP and

i
a gas refrigerant connection line 7 that serve to connect the Fleat source
! t1Q2 amde tdomnested umiparael Werthe keatesourcet uai f ahbeasﬁdm@tﬂéﬁr@%raﬁf the
e

r units 5 and the heat source unit 2, i.e., the structure of the main
connection line 6 and a gas refrigerant connection line 7 that serve to connect
the heat source unit 2 and the user units 5. Here, a description of the structures
of the user units 5 and the heat source unit 2, i.e., the structure of the main
refrigerant circuit 10, will be omitted because they_ are the same as that of the

15 conventional air conditioner 901 except for the liquid level detection circuit 30,

and thus only the structure of the liquid level detection circuit 30 will be described.

The liquid level detection circuit 30 of the air conditioner 1 is connected,

like the conventional liquid level detection circuit 930, between the first

predetermined position L; of the receiver 26 and the intake side of the

. 20 compressor 21, can draw out refrigerant from a predetermined position of the

receiver 26, reduce the pressure of and heat the refrigerant, and then return the
refrigerant to the intake side of the compressor 21.

The liquid level detection circuit 30 has a bypass circuit 31 which

includes an open/close mechanism 31a composed of a solenoid valve, a

25  pressure reduction mechanism 31b composed of a capillary tube provided on the

downstream side of the open/close mechanism 31a and which serves to reduce

the pressure of refrigerant, and a heating mechanism 31¢ composed of a heat

exchanger that heats the refrigerant that was reduced in pressure. The liquid

level detection circuit 30 further includes a temperature detection mechanism 32
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‘refrigerant circuit 10, will be omtted because they are the sane as that
of the 15 conventional air conditioner 901 except for the liquid |evel
detection circuit 30, and thus only the structure of the liquid |evel
detection circuit 30 will be described. The liquid |evel detection circuit

30 of the air conditioner 1 is connected, |like the conventional liquid g
I | det ' j ' ; T : t @r m | td:
of the.r SonaeChl Ethbitstr (1E] KERahOEY at aEhosih TRl e aRebom 488 | 2

out refr icﬂeh@m\teaiihgrm@crmms#ﬂt:efdrim@h@@ﬁrﬁd hitHahidrh B 1cES & M8At efohar@@rce
the pressure of and heat the refrigerant, and then return the refrigerant

to t he i nbakexchahgesfheadievitholiquie sebigePdnt (Bhredtispuirce) thaeflowetbativeon tisé r cui t
30 has a bypass circuit 31 which includes an open/cl ose nechani sm 3la
conposed N§Rt goymecsigp dagiiexehangenzd pnddheauser siiecheatrexebengarss? dmore

t he downstream si de of

d of il be . | ded , . th
opons 81 oSEeRTCAAI Reers Ao SHous Seandoiadd see sate valnes @7. oFor h
fri t ' 31 d _of heat exchanger that
neat s neXIeRF ol R R RER SibnanGer BEGREHeStrne | qui a1 evel
det ec“032?8’&)@]{5%@%théréir'"@énditﬁtﬁ{él‘qes a tenperature detection nmechani sm 32
sed of at at

-15 conp ermstor t Is arranged at a position on the

downst r eam si dNex®f Figee 1 NBandny (REERR4ITA3E Gsednes ﬂféaéﬁé}gtiﬁgq iepaRtPlc is
a heat exchanger that exchanges heat with liquid refrigeran a heat

source) wikhbeféropoyedttastmsctibe thbeperastinm okthel aie cbraltiorschaRees, ¢, 2n¢l t he
user side heat exchangers 52 (nore 5 specifically, between a bridge circuit
9 ahf | iaqueriargesevigwt of bigl 1ésand)shomesr theeoparptien of thiwliglid leueledetgptiomeat

changer . ma Be used. (2) Operation of the air conditioner Next, Figs. 1,
2 and 14%’%%% R41 OA is used as the operating refrigerant) wll be

enpl oyedéhs)g%ﬁgﬁ%iggs(ﬁtt%soperat ilon of the air conditioner 1. Here, Fig. 2

S 10 : ew of Fig. 14, and shows the operation of the Iiquid
level detectiofirsEi 64y BPerdtichs R bOLEYEHRE' O Buring cooling operations,

the four way switching valve 23 is in the state shown by the solid lines in Fig. 1,
15 i.e., the discharge side of the compressor 21 is connected to the gas side of the
heat source side heat exchanger 24, and the intake side of the compressor 21 is
connected to the gas side of the user side heat exchangers 52." In addition, the
liquid side gate valve 27, the gas side gate valve 28, and the heat source side
expansion valve 25a are opened, and the apertures of the user side expansion
. 20 valves 51 are adjusted such that the refrigerant pressure is reduced.

When the heat source unit 2 fan, the user unit 5 fans, and the
compressor 21 are actuated with the main refrigerant circuit 10 in this state, gas
refrigerant at pressure P's (about 0.9 MPa) (see point A’ of Fig. 14) will be taken
into the compressor 21 and compressed to pressure P’y (about 3.0 MPa). After

25 this, the refrigerant will be sent to the oil separator 22 to separate the gas
refrigerant and the oil (see point B' of Fig. 14). Then, the compressed
refrigerant gas is sent to the heat source side heat exchanger 24 via the four way
switching valve 23, exchanges heat with outdoor air, and is condensed (see point

C' of Fig. 14). The condensed liquid refrigerant will be sent to the user units 5
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First, cooling operations will be described. During cooling operations,

the four way switching valve 23 is in the state shown by the solid lines in
Fig. 1, 15 i.e., the discharge side of the conpressor 21 is connected to
the gas side of the heat source side heat exchanger 24, and the intake side
of the conmpressor 21 is connected to the gas side of the user side heat
exchangers 52.' In addition, the liquid side gate valve 27, the gas side
gat e val widegia tedbridge pisayit 26lantthe Heuidorfrigerachconneatiorsinefe dpened,
and the ertures .of the user side expansion 20 val ves, 51 are adjusted
such thate%ﬁ‘? H@”‘dg’ferfri'%%ﬁa‘a]ﬁfh%r'%§§ﬂgpt WERIUWILS O \fhesd YR incRessui® By therit 2

fan, the Le: HN] - C . or.21 actyated wth the
mai n ref rdl%grs 5&#]&%:? a?%%ﬁ‘%ﬂy%lggsi ﬂ%&ers@gﬁ)@ﬁts agf %}%?{lﬁgapg#ﬁe%tﬂ%@g%ﬁ e P's
(about 0.,23MR3%h iha I \ i ' € i

conpr essor aZl anld gg?rg?é'gg%eg\u? g,f ;S)Irﬁgg‘seua}?xﬁwgh%%%o%% %@855 Vﬁﬁ%&eﬂwﬁ?r&%
this, 5t heoiraf Al gerrgt 1441 | The &wiporatedt §8s YefrigeBnt 3¢ Ugah? thRe IRQY the
gas ref(rpi ger ant aFﬁ% tﬁﬂ)e oil (see poi nth' of ﬁg. 14) -g Then,ethe e
conpr essedmpressorg@ania dgas gas gefrigerant lvenheetiorsdinecd sinde the Fbuexgdanger
24 via the four way swtching valve 23, e_xchar]ges heat wi th outdoor air,
and i s comitehgavaierd3piithis way ceeling gperalipns Wilkbe pedfonved. | i qui d
refrigerzgs vvik.l be sent to the user units 5 -16 side via the bridge
circuit Hegtipa OPE3lang refri gerant connection line 6. Then, the |iquid

refrigerant th S : e user, 4nits 5.1 reduced in.pressure by the
user side expaﬁfs‘al%'nhégﬁm\%éggﬁﬁkopgf\&IJI E% &CHPE% ”ﬁﬂghearl}ﬂ% ORRLAtOREN
hagge tos MV L itk L ol ' . d
0500 e Ry BRGRRGNaIR pa ig'ir e 585 AGRR By SERIATREL Ty 20 (s an
i s agai njkakps digéiarg8side oM e6@prédsoti B IshCortité®td 'tt?@%ﬁ?_tsic%’ﬂf‘ﬂ% I on
line 7 and the four way swtching valve 23. In this way co0oling operations
will be mweef cidedheat Bxdieagersy 52pearat ithesintiket sidecaf ithg emprissen Wid | be
described. During heating operations, a 10 the four way swtching val ve 23

i s in t heospagtedstmhe hgas iderafkive heat sounceiside lheati exchangee 24.schar ge

si de of tt}‘é co re?,sor 2% I s connected to the _gas side of the
addition, the liquid side gate valve 27, the gas side gate valve 28 and the user

15 side expansion valves 51 are opened, and the apertures of the heat source side
expansion valve 25a is adjusted so as to reduce the pressure of the refrigerant.

With the main refrigerant circuit 10 in this state, when the heat source

unit 2 fan, the user unit 5 fans, and the compressor 21 are actuated, the gas

refrigerant will be taken into the compressor 21 and compressed, and then sent

.' 20 to the oil separator 22 in order for the oil and gas refrigerant to be separated.

After that, the compressed gas refrigerant will be sent to the user units 5 via the

four way switching valve 23 and the gas refrigerant connection line 7. Then, the

gas refrigerant sent to the user units 5 exchanges heat with the user side heat

exchangers 52 and is condensed. The condensed liquid refrigerant is sent to the

25 heat source unit 2 via the user side expansion valve 51 and the liquid refrigerant

connection line 6. Then, the liquid refrigerant sent to the heat source unit 2 is

reduced in pressure at the heat source side expansion valve 25a of the bridge

circuit 25, and then exchanges heat with outdoor air at the heat source side heat

exchanger 24 and evaporated. The evaporated gas refrigerant is again taken
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-usersi de heat exchangers 52, and the intake side of the conpressor 21 is
connected to the gas side of the heat source side heat exchanger 24. In
addition, the liquid side gate valve 27, the gas side gate valve 28 and the
user 15 side expansion valves 51 are opened, and the apertures of the heat
source side expansion valve 25a is adjusted so as to reduce the pressure
of the refrigerant. Wth the main refrigerant circuit 10 in this state,
when t he RS G@MRTeEser 23 Yianther F@Jruw@v @Mmhlagf\eaige 2&dint pthesowprdsssor
ger.ant aken into the conpressor 21

2

and " conpriadBisdheatinteHEtons e fE'%erﬁﬁ‘éSEﬁtP V%'hp%aaﬂér'“ébe S ST e
I d f {ait t {

Cetr hger B 1A [SRER A" BoRR B CrpplinS | phHaint RS, THE IS Tt o

val ve 23 dimih té&llﬁ@%pre‘?éﬁdr%erthlﬁ%}ﬁﬁ%ﬁ]tﬁﬁg ;sérﬁtég?s wﬁe PEH‘Sr m&gs

refrigerant sent to the user units ex e user side heat

exchadger(€) Refdgerans chamylensperatibhe condensed liquid refrigerant is sent to
the 25 heat source unit 2 via the user side expansion valve 51 and the

liquid refrigeMaxt, Figmrizandotd Iwilieoes enpleyed theldscgbedtheebpergtivanvheent to

the heat source unit 2 is reduced in pressure at the heat source side

expansi oﬁeff&e&@tzsgharngetq;M%r@@n frigerant giscuitil@ t hen exchanges heat with
xchanger 24 and evaporated. The

td t t heat
cvaporat od gas Wty T PaRRSETaRATieo R ToMGRAR: et dopmioBeroRsedia

operat i ot {RESPER, PodiTeg e, bt il BBy, opklatalf., iastubitn thes o
hoe. .maRi RfrigeranPeirdbit K0, mHﬁlsr%ta@ anB% the Bam& WhyPe He £ ?vémlo%al

versed during cooling operations. IS way heati'ng operations wll be

per f or nedir &ddil)lorm'f90’g&é&l@erahﬁlemmgwﬁt@tth@rﬂnéiﬂ&bfng{i‘rﬂﬁt cifcantio Fbmi | |
be enpl oyed to describe the operation when refrigerant is charged into the

mai n ref thgexteniorcthecesftwhite pEifosmingt the samei gparationrasothet Aferemientioned
refrigerant circuit 10 will be placed into the sanme configuration as that
during c&oplingoppeatin ons. Then, with the 10 main refrigerant circuit 10

'n this state ai'?uoclanl nwmg Yhe® a\f\o,apémaesntllo%%dcOrg}/r?gnetr:'agtn aclzhargmg operation is

15 performed, an operation will be performed in which the open/close mechanism

31a of the liquid level detection circuit 30 is opened, a portion of the refrigerant is

drawn out from the predetermined position of the receiver 26, the pressure of the

refrigerant is reduced in the pressure reduction mechanism 31b, the refrigerant is

heated in the heating mechanism 31c, the temperature of the refrigerant is

. 20 measured after heating, and then the refrigerant is returned to the intake side of
the compressor 21.

In the event that the amount of the liquid refrigerant stored in the receiver

26 is low and the liquid level of the liquid refrigerant does not reach the first

predetermined position L1, gas refrigerant in the saturated state (see point E' of

25  Fig. 2) will flow into the liquid level detection circuit 30. This gas refrigerant will

be reduced in pressure to pressure Ps' by the pressure reduction mechanism 31b,

placed into the two-phase state, and reduced in temperature from about 50°C to

about 3°C (a temperature reduction of about 47°C)(see point F' of Fig. 2). The

refrigerant in the two-phase state will exchange heat with the refrigerant that
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air conditioner 901, refrigerant is charged into the main refrigerant
circuit 10 from the exterior thereof while perform ng the sanme operation
as the aforenentioned cooling operation. Then, while the aforenentioned
refrigerant charging operation is 15 performed, an operation wll be
performed in which the open/close nechanism 3la of the liquid |evel

from the brsudt dheathel” FOEBEr %fc‘lﬁ%éb°@e§rfevta$§@écalimﬂoee3%§tsguﬁwg bR
refriger afoults 2528Hathd NNduie HBESBUIL VIS OB IPHIBILS B3 e hRGHn

refrigerant is heate eat ng nmec nperatuare Bt the
refriger anechanig® Beagsss poritt@r ohﬁiﬂg | 730, Thayed tﬁé‘?éfrb'é?aﬁteﬁwrﬂrﬁefv%l hbSe
returned to the intake side of the conpressor 21. I'n the event that the
anount ofstateewili beifkatef rfrgarabdutsd @ ¢d dbout HE°Ceeitaraperatbrd indrexearipd t he
liquid level of the liquid refrigerant does not reach the first

pr edefer rabeed 180s) andrlaced l@@sthﬁeﬁuneg@%tﬁd das state. saturated state (see

t E of 25 F quid | evel detection circuit
ggl nThi s gas r @‘dqggtgf%ﬂlm% the B\é‘dr 'saateﬁth%hwésw@erﬁat peachas theprst py

bnd Foauitaleleritid MhdiRET A BT 0k desslef 28 i lidstd tethafnad Smﬁfﬂgée
redUCtio%a‘Pura?&P'éEe]t§7§)tﬁ 6@cBREePlod ﬂo@% ELetheZHU|EhI%ve S{e{g'cgsﬁacgltqullt k

t wo- phase state w exc ange heat w re eran

the main (s6é rgdist BINtof OFigC @) ! tHeD téAPERtEREOF the ésv RBERRRWING
cprcuit 2(5 anpd t he Ilquli@d gl de gar'?g val ve 27) Zdnd he ? Qﬁgy theeﬂggﬁgﬁg

hafi sre@iced sSeempabott G0°6f t&i abou) 3°Chys, tetr’rpﬁrét@frél gRIuflbni 6f Ehout
two- phase state will be heated from about 3C to about 15C (a tenperature
i ncr ease 4t C)Beanpnint [ nE)Fignd) py aeducingt thet pressunectiesavetd peessataPe. by t er
this, when the 'Ltﬂu' d | evel c{ the |i UI d refrigerant reaches the first

pr edet er ISP PhLNE|RIgSBUre fe Uf?é'oF'e'@@ 06?'3%3ahdam<i’ dheopq%*rrﬁr@e&gfnﬂas’m t he
t t t 26 f1 to,t uid lLe etection

cirourt SRRl THE fetFigeraBt if th WRTRraRE i B8 eatert By Sars of

refrigerang niatihgRebRBAiEHY31c (see point J' of Fig. 2). Thus, the refrigerant in the

I n

15 two-phase state will capture the latent heat of vaporization and further evaporate,
but will not reach the point at which it entirely evaporates, and the temperature
thereof will remain at about 3°C.

Then, the liquid level detection circuit 30 will use a large temperature

increase during heating in the liquid level detection circuit 30 when the refrigerant

. 20 stored in the receiver 26 is in the gas state, and use a small temperature
increase during heating when the refrigerant is in the liquid state, to detect that

the required amount of refrigerant has been charged by determining that the

liquid refrigerant in the receiver 26 has not been stored up to the first
predetermined position Ls when the temperature increase is large, and

25 determining that the liquid refrigerant in the receiver 26 has been stored up to the
first predetermined position L1 when the temperature increase is small, and then
ending the refrigerant charging operation.

(3) Special characteristics of the air conditioner

The air conditioner 1 of the present embodiment, and particularly the
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10 reduced from about 50C to about 3C (a tenperature reduction of about
47C) (see point |I' of Fig. 2) by reducing the pressure thereof to pressure
Ps' by nmeans of the pressure reduction nechani sm 31b and the occurrence of
flash evaporation. The refrigerant in the two-phase state will be heated
by means of the heating nechanism 31c (see point J' of Fig. 2). Thus, the

refrigerapl,d %véh@’%tr%téﬂéﬂ‘efr&n9§@, ﬁé\%ttﬂgmlléwf\gpsﬁ)é{c?arl éﬂ%#c&%@ﬁt heat of

vapori zation an er evaporate, W ngl nt at which

it entirely evgpor#hesiiq@ndidves d&BREsmt it t3er { | b HedBd int out
3C. Then, the f(i gui d Ié?/el det ectgi on ci r%‘ﬁi&t't Sj(g)evm Iab‘ti%seéfa Iargeln@ 8

t enper at Uemperaitre af ¢helvefriggrartairang out frove thiedfirst preerbrripleghdsitibre LE cui t
30 when the refrigerant 20 stored in the receiver 26 is in the gas state,

and use fsthel reccivgre2Gitafies presserss eedlictiongahe dieatmgnise praviged éf rthgeaiant i s
inthe liquid state, to detect that the required amount of refrigerant has
been Sharweditignedad: erWithithis amangernent, lhegavae thers wil bata lange fincreaseiiver 26

has not en _stored u ot first, predeterm ned position L, when the
t enper at BEEQ?W@Fééé‘ée E’gtﬂ'l'eaf'%g'?e?ﬁﬁ e {?egﬁ?tt'ﬂ%Wﬁ‘&”tﬁét reffigerant drawn out
refriger PP javer: 28 h r p.to the. first
pr edet er %@%&H?)oﬁsélﬁ?{vgﬁez_s, %\Aﬂeﬁ’et ﬁés %Z%%e%h?u@geﬁﬂgrtggsléqq'g sé?}ﬁl I”,1e Qﬁ@tt hen
endi ng t héher§f udetoahéatiipivili BE | ' hgithgs of
the air conditioner Thaemagl’j‘r concﬁa{ﬁ?’gﬁ{eéroo%s(l)ét%_%\hﬁggfte)gg%w@{n%%nleér@l%&%nq
parti cul ghéte whicbe aSrhalfiicredsviel theabrparaturs iof e FefAferdit\Wiel tBendatingowi ng
ecial characteristics. (A) The liquid level detection circuit 30 capable
8 mdfsurthediquitelevebdptectionroircait 30hean detdrgenathatthaviguidireffigerarithe nbt r st
predeternm ned position L, of the receiver 26 after pressure reduction and
heati ng iS$0T8do¥R tRothe first peedaterningdmnsitishbr of thewaaeiveti28 wheartherecista
because there.will be a Iar%%@i r}cérease I n tge terrgerature of the |
refri ger ANOSINFTEBSH 0t [EIHIGIREY IEMPEratureg@ndnran: dgiemdine thatihe Higuid
receiver .S 1n. t S g n.in.t l.i.quid state, the t
ener gy dtjréﬁlglc?§#éta'tsi %ér%\nﬁﬁp ‘??h%ofﬁ’gﬂﬂé%@ei‘sfmeéﬂ§°ﬂﬁﬁf‘ L otf,%opqc;é\fe‘r and
thus when there is a small increase in refrigerant temperature. Thus, even under
15 conditions in which the refrigerant drawn out from the receiver 26 is in the
saturated gas state, and a two-phase state is produced during pressure
reduction (point E’ to point F’ of Fig. 2), because the liquid level detection circuit
30 can determine whether or not liquid refrigerant is stored up to the first
predetermined position Ly of the receiver 26, the determination accuracy thereof
‘ 20 can be improved compared to when the conventional liquid level detection circuit
930 is used which determines whether or not refrigerant is stored up to the first
predetermined position Ly of the receiver 26 by means of the size of the
temperature reduction during pressure reduction.
(B) In particular, when the refrigerant to be used includes 50 wt% or more
25 of R32 (which is similar to the R410A described above) as the operating
refrigerant, there will be times in which the presence or absence of a liquid level
cannot be determined with good accuracy by the conventional liquid level

detection circuit 930, because there will be a leftward inclination of the vapor line

in the pressure-enthalpy chart at the condensation temperature (near 50°C) of
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~there will be a small increase in the tenperature of the refrigerant due to
heating, 10 the liquid |evel detection circuit 30 can determ ne that the
liquid refrigerant is not stored up to the first predeterm ned position L,
of the receiver 26 when there is a large increase in refrigerant
tenperature, and can determne that the liquid refrigerant is stored up to

the firstner R#ﬁ?@rrarﬁit nigd trﬁ)é’sli\ééto@ohrceozsi&@ehéiﬁﬁg?dfﬁén@ur.’lz e?@{i&ﬂi%ﬁg!i@q gns

small increase Tn refrigerant tenperature. eve

i n whi ch dpegaticrfy é@@?@ﬂﬂgefﬁrﬂwa@%ihgfdmﬁ&%.r e96iveeer, 2hehSyhéh tHLabove
saturated gas state, and a two-phase state is produced during pressure

reduct i oftygeof npettingaefrigerantis tofbd-Liged, 2he liqaihleve! Hotectibawidultedtetan
detection circuit 30 can determ ne whether or not liquid refrigerant is
st ored ugleternine therpresepee dut apsaneedobasliquidrieve! aff thehfirstquredetarmited t he
deterpinatign a cur?Cé‘éhereof 28 can, be i nproved conpared to when the
conveRt i GPRIUAN 31] I |TegeiveE £BnWilhr Qpod apsyracy (RGRUSRi dhe dBealing nes

whet h L efy . t d to the first det I ned

posi 1 on oS e e E eSS Cans of the size of the  temperature
o b O o, | _

et rigerant to B uaaqtoR PRERATG bRz @At ther cHRIRREI Ml | ar

to the RebRfatinrcardabriline) wien it QRRAGSH B térﬁﬁ?ﬂaﬁ?r:éa@ hiq]H;?rnge‘Mé' be

times in which the presence or absence of a liquid |eve can
det er ni nedndehsatimodemparatacy bf théerefrigeemti mnahel hasi ddweye! sigdeheat i on

circuit 930, because there will be a leftward inclination of the vapor |ine
# t k@ plexsbangereadhal ghcleag.t 64 C) hthe satenphenomenenpas avhere R4 iS0C)
of -20 the ref,[lioger ant in the heat source side heat exchanger 24 during

i

cool i ng USEE Mt i0GRYN and tF‘EfE} wyera @ slighhiendegcyfer tha delermimationsaccusasn when
L1 20908 o 88 B Lo HRnEBHAL ST  CebRelo e AT bt S
L) .2 BB, CPUREECEEFR A ARt BBy 9 08 ESRLAL P A, 000
addi ti onupQned and RAB7(AcARafi@? G the!SRpor UL Tne@? NEbiht T Swilinb¥N igttivard.
15 However, even in this situation, as showh in Fig. 3, because the temperature
increase after heating of the saturated gas refrigerant (from point F to point G of
Fig. 3) by means of the heating mechanism 31c of the liquid level detection
circuit 30 will be about 12°C (an increase from about 17°C to about 29°C), and
the temperature increase after heating of the saturated liquid refrigerant (from
. 20 point | to point J of Fig. 3) by means of the heating mechanism 31c of the liquid
level detection circuit 30 will be about 1°C (an increase from 3°C to 4°C), the
liquid level detection circuit 30 can, like when R410A is used, detect the
presence or absence of a liquid level at the first predetermined position L1 of the
receiver 26 with good accuracy.
25 (D) Furthermore, the heating mechanism 31c can stably heat the
refrigerant, because the heating mechanism 31c is a heat exchanger that uses
the liquid refrigerant in the main refrigerant circuit 10 having a relatively stable

temperature as a heating source.

(4) Modification 1
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operations are perforned when the outdoor air tenperature is high and the
condensation tenperature of the refrigerant in the heat source side heat
10 exchanger 24 is high (e.g., 60C), the same phenonmenon as when R410A is
used will occur, and there will be a slight tendency for the determ nation
accuracy to worsen with the conventional liquid | evel detection circuit

930, because, gFpe ?ll@é‘é/ﬂré Red®tih methahion b ﬁé“;tr&ﬂaé&iiﬂ hgf I\i/cglgijnltevgl in

Figs. 13 and 14 wi nove upward and the inclination of t or I'rne
near poi detdetionl ¢irdust B@fdnwreddowhstreawvsitie sfivite dper/bioseshebRaniem 348, shown
in Fig. 3, because the tenperature increase after heating of the saturated
gas refr bgbaashomrionigo#na liguiddepel deteciar cir&iiy 136)may berses whichieas

heati ng mechani sm 31c of the |iquid | evel detection <circuit 30 will be
about 128 PYPAShEHerite! 3t dnatasiidesy ent epamslase2omchaniam 13ia thathalsa ure

i ncrease after heating of the saturated |liquid refrigerant (from 20 point |
![O po? nt fg]ncglpnﬁi s %) WSH@aﬁggléﬁt'ot”hénm’\%{B e @LSH t%lt@goPP?WQIQS%qui d

| evel de i AN ' C .ncrease from3C.to.40),
the 11 s neas S8 heisntd ehiadR AEBke uer B (61GH 8 ot Pdastirier oot
the pre réVid iRal il I | rst predeterm ned
posi ti ongﬁggfdﬁ{l hééd)éﬁggi%?lﬁ%% "\?\Amtlﬁ ngg rg@%a%{%&éll.% (D) Furthernore, the
heati ng (®dVedifisati@i2 can stably heat the refrigerant, because the heating
mechani sm 31c is a heat exchanger that uses the liquid refrigerant in the
mai n refrigerafhecheating mechamsmg3te riel airanged istthbl bquitickpel detections a
ating source,. é{@ Modification 1 -21 The pressure reduction mechani sm 31b
8 ptQvi aiserit 30tand js ermaosed of a krateexahanger thali usesoliquid trafrigesamtsas @aam

ide of th / hani sm 31a, _but hown in Fig. 4, a |iquid
evel deDBR: POHCE: PRUFYSR 36 SHWLE Lo, AR rke! detasyioncircyit A mava)

ot USRI ER TR BRI ERILZS) B0, BB R R o1
The samengel Bidtshédits! fetdgeiRebyt Redrsabi &nl 8¥@Imaehest 80 §G& tas an
electric heater or the like. The same effects as those when the liquid level
15  detection circuit 30 is provided can be obtained in this configuration as well.
(6) Modification 3
The heating mechanism 31c is arranged in the liquid level detection
circuit 30 and is composed of a heat exchanger that uses liquid refrigerant as a
heat source, however, as shown in Fig. 6, when the compressor 21 is an engine
‘ 20 drive compressor, a liquid level detection circuit 330 may be used which has a
bypass circuit 331 including a heating mechanism 331c that uses the exhaust
heat of the engine. The same effects as those when the liquid level detection
circuit 30 is provided can be obtained in this configuration as well.
(7) Modification 4
25 The heating mechanism 31c is arranged in the liquid level detection
circuit 30 and is composed of a heat exchanger that uses liquid refrigerant as a
heat source, however, as shown in Fig. 7, a liquid level detection circuit 430 may
be used which has a bypass circuit 431 including a heating mechanism 431c

composed of a heat exchanger that uses gas refrigerant discharged from the
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~30 i's provided can be obtained in this configuration as well. (5)

Modi fication 2 The heating nechanism 31c is arranged in the liquid |evel
detection 10 circuit 30 and is conposed of a heat exchanger that uses
liquid refrigerant as a heat source, however, as shown in Fig. 5 a liquid
| evel detection circuit 230 may be used which has a bypass circuit 231

I ncl udi ng a heating nmechanism 231c of a type that heats refrigerant by
means of %Qiné'iﬁtsé@h%1 A8ad hﬁajrwl'%cﬁh@ canfigelationr iscslighilyeinferion tme thé ke.

The sane effects t hos liquid level 15 detection circuit 30 is
provi ded &af ”lge"'@&ﬁé Ei’11 ﬁBWﬂl CYebdetartion Glesyit 3penaknigesi lkiid on 3

Sircurt JBHIREREas AR “3?98 Jf"?{ﬁgﬁg@l?@%t‘?tfd'é‘?wmfeﬂﬁgéﬁ‘g|&%ﬁ?ﬁ‘ﬂeéﬁuraerant
as a heatnar §the Ve?ﬁger%%t%@?&”ks‘é? Blafing & u‘f‘@@gnmﬁcﬁﬁ:@éﬁ?@%ﬂﬁ%

an engine 20~drive conpres Irquid l'eve tectlon

used phi cdbrigesor MPasR] Flohe Uhé FSiAt ionoliew Ws&ﬂ@%éﬂ&g”ﬁ%\ﬁéﬂse & on

that uses the exhaust heat of the engi ne. The sane effelts as t

the | i quiabrinection cﬂqaehcerbetweenuhe Beskarepredudiion weehbeisabBabnasy itme t hi s
configuration as well. é Modi fication 4 25 The heating nmechanism 31c is
arr anged heattnﬁemeph@mam 43¢ ofithis contigurationdainot dimited and campinsaify ttie a
heat exchan I1;| ses liquid refrigerant as a heat source, however, as
shown in lecg cpn gurq I80i d 1 evel detection circuit 430 may be used which

has a by I ncludi ng a heating nechani sm431c conposed of a
ﬁ§§§8rﬁﬁﬁﬁrﬁ %Qt]gas refrigerant discharged fromthe -22 conpressor

iagiegcheat SqH"tR air gc?ﬁdlﬁ&‘ﬂ%r‘ glbrfgﬁ% PRt éraﬁbﬂmﬁtytﬁé’ UIH%\é%I q%tg?tlmes

heat i ng mechani sm I qui evel ectioh Ci r ur't

liquid refonitosy @my Qﬁv‘ovc’r’déb?étflr§PHfé‘c%terfnﬁ|ﬁ€Utﬂ&lﬂR91 m dAfth¥ 'réwé%r bBChgRS! Ng
the tenperature change of the gas refrigerant used as a heating source and

di schar gembrfespontbetd thenmefegsmnt 24moant! regaired héumey Nefrideraheverairgingabl e
heating. Hl_icg)\>vN§\\//eerr in E‘Jrr]deer to determine whether or not the receiver 26 is full of liquid, a
liquid level detection circuit having the same configuration as that of the liquid
15 level detection circuit 30 may be provided at a second predetermined position L,
at the apex of the receiver 26.

Furthermore, an auxiliéry liquid level detection circuit having the same
configuration as that of the liquid level detection circuit 30 may be provided at a
reference position Lr in which liquid refrigerant is continuously filled on the

20  bottom portion of the receiver 26.

More specifically, as shown in Fig. 8, the configuration of the main
refrigerant circuit 10 and the liquid level detection circuit 30 of an air conditioner
501 of the present embodiment is the same as that of the air conditioner 1 of the
first embodiment, but differ in two respects. First, the air conditioner 501

25 includes a liquid level detection circuit 630 having a configuration that is the
same as that of the liquid level detection circuit 30 and is at the apex of the
receiver 26, and second, the auxiliary liquid level detection circuit 530 has a
configuration that is the same as that of the liquid level detection circuit 30 and is

at the bottom portion of the receiver 26.
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‘connecti on sequence between the pressure reduction nmechani sm 31b and the
heati ng mechani sm 431c of this configuration is not limted, and can
sinplify the <circuit configuration. [Second Enbodinent] 10 In the air
conditioner 1 of the first enbodinent, the liquid | evel detection <circuit
30 only provides a first predeterm' ned position L1 of the receiver 26 that

Fovever . i or it TBRICPOF i e RGBS, Bteation, Bl € BR038 fdhndsled o "
that of cieERHife S%ésf%g’i%@%%t*@&eﬁo%&%’#“’é%E—?F"?86%@8’@’“ E: FORHIR At g

second prtadeﬁ@kmsrwopm éd)rﬂBrés%orQH taha mteqrseq‘qurdn%véeesﬂev:ﬁbn%ﬁcu.t 30,
Furthernore, an auxiliary liquid |evel detection circuit having the same

conf i gur adanodraae oub agfrigeramtefromatinedrdceivar 28;tredticonheipressire36f amy heat
provided at a reference ﬁosition LR in which liquid refrigerant is
cont i huoubey refrlgemtomnmd eQO réforn otvepdefrigenantt to hther dotakeesides. ofVbines
speci fical | as shown in 8, the configuration of the main

refriger Riessel ¢1 1b|eé¢rda$ Iﬁ'@th ghpwe @\?eﬁie%deﬁﬁﬁd@ﬁefémﬂ@dhnosﬁﬁfbtz ah air
it h that of .t air
condi t1 ot reCeivef pg 18w e YRG! Catactn FELTTE0 foopatzuet & e st
h ' 5 t t|
havi ng. a Poanr R TwiEh, A2 iGDE! A° sfate 95 fhd FEB5EF 28] BRvE' I st
det ect i orpredé@ming p@aﬂldnSLatcatnhaeaeetécféd ($& Figce) VEfkezﬁwe ﬁﬁéudsfé%%ﬂd

e auxiliary liquid | evel detection circuit 530 has'a configuration that

t 16 satetectiort tiatuib801 the liquidiield eetdctidet druitadBa inchutdds 3Bypass chcuit the
bottom portion of the receiver 26. -23 As shown in Fig. 9, the liquid |evel

det ect i o83 including 20 operdoloseanechamsmgdma, tmprmmmendeometcwt erecharidm
position L2 at the apex of the receiver 26 and the intake side of the

conpr essd3 181 angdr@y heiardegtmecmaruamd%tqﬁeandjétt@mne@at%e delectigomechanisar aw
out refr |6%92r ant fromthe receiver 26, reduce the pressure of and heat

As shown in Fig. 9, the auxiliary liquid level detection circuit 530 is

15 conhected between the reference position Lg on the bottom pbrtion of the
receiver 26 and the intake side of the compressor 21, and like the liquid level
detection circuit 30, can draw out refrigerant from the receiver 26, reduce the
pressure of and heat the refrigerant, and then return the refrigerant to the intake

side of the compressor 21. Here, the reference position Lr of the receiver 26 to

‘ 20  which the liquid level detection circuit 530 is connected is the position at which
liquid refrigerant is continuously stored on the bottom of the receiver 26 during
operation (see Fig. 9). Note that, because the auxiliary liquid level detection
circuit 530 is used at the same time as the liquid level detection circuit 30
(described below), as shown in Fig. 9, the line portion in which the bypass circuit

25 531 of the auxiliary liquid level detection circuit 530 returns to the intake side of
the compressor 21 is shared, the open/close mechanism 31a is arranged on this
shared line portion, and thus the open/close mechanism 31a of the liquid level
detection circuit 30, a portion of the lines, and the like, will be used for more than

one purpose. In other words, the auxiliary liquid level detection circuit 530 has
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“5 the refrigerant, and then return the refrigerant to the intake side of
the conpressor 21. Here, as noted above, the second predeterm ned position
L2 of the receiver 26 to which the liquid |evel detection circuit 630 is
connected is the position at which a liquid full state of the receiver 26
above the first predeternined position L, can be detected (see Fig. 9).
Like the |iquid Ievelg%%vo detection CIrCUIt 30, the liquid |level detection

circuit 686 Q¥Pas§AYSU pRelIding the presgyre f%@ggﬁ@eéha@ip@hiy?géd the

ha eatin
Toohani ot mBcRASRALR S ﬁ?(‘fﬁ%*%&%ﬁ% SRR R A SIB3ya AGS aHRtHoN
Fig. 9, tcﬁ\‘eth%uﬁhéé i élhtgudéj ds@ |tH%§CB¥j;9%t oHrEH& t31§3%nbs? éﬁ}peegg{e\/m ed

bet ween the reference posit Ron t orti Br 26

and t he |d‘étektﬁgrsmé@hgﬁlshhg3gorrpr essor 21, and I|ke the liquid Ievel
detection circuit 30, can draw out refri gerant fromthe receiver 26, reduce

the pressure dﬂeﬂnﬁlgaéhwnt be enefloyee taescael théeperation of theeliduad Néagr ant
to the intake side of the conpressor 21. Here, the reference position LR

of the reladeqlian cigcuits 30, 630 endtthe alup<q|ar)dhqmdevelledeietilmm circuit 680 cfﬁ?nllﬁ)el S
connected .is t on at which liquid refrigerant is continuously
stored orff I’?@”gg‘l"g %’f“ {\when &‘331%@ Asedupp rige epeatingorefligeranti durigg .

| | d level detect t 530 is
loeq ar - (ROREEAS %&E‘%ga”x' a2 o evel “det ecti on circurt 90 (descrl?eczis
h S cui
221701 the auxi T4 BPehing, i obdficldsBerhahl aalth i il IkPECdeteef e
a
alig sigheunf 30! 2 OPERARSS Wil e | Serfdipiad wiibs 9% Cdégz;??ﬁpﬁéa&

is arranged on this shared I'ine portion, and thus ose nmechani sm

3la of t hefrigeqantdfroevtre redpeetive dinstpredetdrnifed poiiohi PNapl th@&efér@ﬁée and
the like, wll be used for nore than one purpose. In other words, the

auxi | i ar ypasitin dri efythe decaiver @6, deduces S Praasure2df the rbmwantcm thet 531
t he pressure reduction mechani sm531b and the heating nmechani sm

5316 ( hoWReRFUrB, IEUGHGR EFEsRNNBENTR <73 th heatndha bIGarant inotha heatingres
Wil al S?ng&aunsigrgls%tl h, té%el chr%%ggu%sr ?Hette?r’r}gera?nrg %f tt?\gperéf?;[glérra(ant after
15l heating by the temperature detection mechanisms 32, 532, and then returns the
refrigerant to the intake side of the compressor 21.
In the event that the amount of the liquid refrigerant stored in the receiver
26 is low, and the liquid level of the liquid refrigerant does not reach the first
predetermined level L+, gas refrigerant in the saturated state (see point E' of Fig.
2) will flow therein. This gas refrigerant will be reduced in pressure to pressure
Ps' by the pressure reduction mechanism 31b, will be placed into the two-phase
state, and reduced in temperature from about 50°C to about 3°C (a temperature
reduction of about 47°C)(see point F' of Fig. 2). The refrigerant in the two-phase
state will be heated by means of the heating mechanism 31c (see point G' of Fig.
25  2). Thus, the refrigerant in the two-phase state will be heated from about 3°C to
about 15°C (a temperature increase of about 12°C) and placed into the
superheated gas state. On the other hand, liquid refrigerant in the saturated state
(point H' of Fig. 2) will flow into the liquid level detection circuit 530. By reducing

the pressure of this liquid refrigerant to pressure Ps' by the pressure reduction
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detecti on nmechanism532. 5 Next, Fig. 2 wll be enployed to describe the
operation of the liquid level detection circuits 30, 630 and the auxiliary
liquid level detection circuit 530 of the air conditioner 501 (when R410A
is used as the operating refrigerant) during refrigerant charging
operation. By opening the open/close nechanism 3la of the liquid |evel

det ection O circuit 30, an operation wil| bhe perforned which draws out
porti ons BFCRFUSM, QHP &%ﬁmPPEﬁWE%@f rteg plicuiid viefriggrant ik gapishyriradace

it ohef o it R of .t ' duces th

P essur e m EEul 866 SRt ?&R%Zt‘e%’e?g% Zeidiet SERb AT e é&uﬁiur
b, h ] . t ,

Che tempar ot s JF Thecreififerant i e 1iBlnthe FBEH Wondnde R HLTHRE

det ect i onigURERANG &Mt B¥at oW indthe hBRMTeTederaRs cirf@t 10&iHd \Hﬁlrl?é‘he?fétdth@?

i ntake side of the conpressor 21. In the event that the anount of |

liquid rdheihgatingtmechardsmi 53 t1c ¢seeepeint af of Bfy.i2y). Maws, tiedrefhigerang i thd evel
of the liquid refrigerant does not reach the first predetermned |level L1,
gas ref r ityerphasei statenwillscanivee the lstent de@s of vaponizaten ard fiirther 2@pd)ate | |
flow therein. This gaz refrigerant, wll be reduced in pressure to pressure

Ps' by t P&t ¥k Oghredch iR PeEH atawhishi it entinly e}x/appraies,pa@ﬁgbée itﬂmﬁgfatf}regc :
_ i t a
tenpor at 12 20f ol PPBRTS e Biakt 8 BLBe! ok, dher gnpgsatiafﬁ?ﬁo%uthe )
i L - . Y . e, eatl n
e tha & RefigPartUral o R the RS Drbhelaiindl BOERIORY T30S (@laildfpdfEL'
&- phaseighert than ke hemperitark fdfofﬁeaP@FﬁEg%tt@ravﬁP% Jiloﬁﬁ =y ??Fg?&gé ure

i ncrease of about 12C) and placed into t superheated gas sta “the
ot her hampasitionduy df thef reiceiven26, andtinehsavay iich 5é detern{ifed Matthedquld 9- 2)
will flowinto the liquid | evel detection circuit 530. By reducing the

pr essur e l@fel imthe reicqivied 26 dfasi nptiraachadther first pregieR8mibgd positiondssur e
reduction -25 nechanji sm 531b, the tenperature of the liquid refrigerant

will rapidly rédgEdhist Mhianathsutiawddeve efbtbe: liaad (rafrigarpet erashesrtbéfirst on of
about 47%)réc§eet8rrﬁf?1'e'&t position Ly of the receiver 26 and liquid refrigerant in the

15 saturated state in the liquid level detection circuit 30 (see point H' of Fig. 2) flows
into the receiver 26, like with the auxiliary liquid level detection circuit 530, by
reducing the pressure of this liquid refrigerant to pressur'e Ps' by means of the
pressure reduction mechanism 31b, the temperature of the refrigerant will rapidly
reduce from about 50°C to about 3°C due to the occurrence of flash evaporation

. 20  (a temperature reduction of about 47°C)(see point I' of Fig. 2). The refrigerant in
the two-phase state will be heated by means of the heating mechanism 31c (see
point J' of Fig. 2). Thus, the refrigerant in the two-phase state will capture the
latent heat of vaporization and further evaporate, but will not reach the point at
which it entirely evaporates, and the temperature thereof will remain at about 3°C.

25 In other words, the temperature of the refrigerant drawn out from the first
predetermined position L1 of the receiver 26 is the same temperature as the
refrigerant drawn out from the reference position Lgr of the receiver 26, and in this
way it can be determined that the liquid level in the receiver 26 has reached the

first predetermined position L.
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“1' of Fig. 2). The refrigerant in the two-phase state will exchange heat
with the liquid r refrigerant that flows in the main refrigerant circuit 10
and will be heated by 5 the heating nechani sm 531c (see point J' of Fig.
2). Thus, the refrigerant in the two-phase state will capture the |atent
heat of vaporization and further evaporate, but will not reach the point

at which it entdg eiexscﬁué@%@é@?,b?r&omﬁhd afEChakiibR rliFeqPﬁf 8| WidtecfiGRal N

at about 3C. In other words, the tenperature o _ rigerant drawn out
from t he dificuitt530r kalét g ting sathepasrifigueatidn aothé liguitdeeeMdstedfon Sird@it BOaher
than the tenperature of the refrigerant drawn out fromthe reference

posi ti on thRaytcansitiorerhleand @} thencefierends gositign il atawhibke lidetderafiigernt hat
the liquid level in the receiver 26 has not reached the first _
pr edet er if FRAUIRBRNS!Y Hhoned. ingdhecieceives 26xiiba terwearaiyne @fItee sefrigeraniecan qui d
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pressure reduction nechanism 31 b, the ténperature o erant w |

rapidly detettion freemanlsent53206h tive ahRiliarg Gqdideldvel deedippUEIFRICE30Tsidd ash
evaporation 20 (a tenperature reduction of about 47C)(see point I' of Fig.

2). The rasf @ geferencen withethenwdepipesatuse aok thel Irefrigenantt edtdntedebpstid t he
ating nmechani sm 31c qg_see point J' of Fi ﬂ tztzs Thus, the refrigerant in
be 1Qo- femperatuee detgotiondapehanismn2 opdhediquitlavebtetegtionicirguitaid side.

furth te, but |1 . not reach.the point at which it entirely

evapor at dEUSAtE PRESEARS! apiect R i 'BP’el?tEﬂ%i Q@SIQSefﬁker@@gidzf% |

th r r an rawn ou romthe firs
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26 has r efereetkritivhedf dperhtions deirebaiimprowrab by istitably: opeifind\thd epenidissk

above, by providing the auxiliary liquid |evel detection
15 mechanism 631a of the liquid level detection circuit 630, determining the
presence or absence of a liquid level at the second predetermined position L, of
the receiver 26, and detecting whether or not the receiver 26 is overcharged.
[Other Embodiments]
Although embodiments of the present invention were described above
' 20 based upon the figures, the specific configuration of the present invention is not
limited to these embodiments, and can be modified within a range that does not
depart from the essence of the invention.
(1) In the aforementioned embodiments, the present invention was
applied to an air conditioner, but may also be applied to other refrigeration
25 devices having a vapor compression type of refrigeration circuit.
(2) In the aforementioned embodiments, the present invention was
applied to an air conditioner in which a so-called air cooled type of heat source
unit is employed. However, the present invention may also be applied to an air

conditioner in which a water cooled type or an ice storage type of heat source
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~circuit 530 having the same configuration as the liquid | evel detection
circuit 30 in the air conditioner 501 and at the reference position LR at
which liquid refrigerant 1is continuously stored in the receiver 26, the
tenperature of the refrigerant can 5 be detected by neans of each
tenperature detection nechanism 32, 532 of the two liquid |evel detection
Circuitsuﬁﬂdséﬁﬁﬂoﬁﬁg the liquid | evel can be detected by conparing the
tenperature of the refrigerant detected by the tenperature detection

mechani sm 532 ¢B) ImtheaaforémentiohédWnbddiRintslethectd ol I6Vd| détbctitP ciede  as
a reference, wth the tenperature of the refrigerant detected by the 10

t enper at ig eonfigwedi smasdo radusent!32 poesdiune dfitheirdfrigaraht detvetcbupfroed treali t 30
side. Thus, the presence or absence of a liquid |evel can be easily

det er m n8Est Riedetepainacenpesition caf athe ceselyver withhdhei mpesswré. reduetitti ti on,
the reliability of the refrigerant charging. task, as well as the

af or e nm%ﬁp@&}%ﬂer%ﬁ o{ﬁ?,” théhe nfﬁa}ﬂgﬁ@ y Wilih (tB81 Jegiiea; meghanism.
open/clo C I the. ldquid l.evel .detection gircuit, 630,

det er m nlﬁﬁ’é’v her’mér gg@#ﬁe@ og]f'a’g[)agfé) cgﬁ‘(ﬁﬂ g’%aiq%ﬁﬁa redtder “f"ﬂé(\tbgc%‘?ﬁf'”g

pr edet er @ Y | ' | t or
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enbodi nemezhahisme ir si8entpos 8RNt iIRvENakEh deHeT thRTg@RAYAR, 1R RemediHgron
the figures, the specific configuration of the present invention is not
limted aforemestiosst cetnbedinsentanthe diquite levedideterthination rtan benssférhrid does

t depart fromthe essence of the invention. (1) In the aforenentioned
‘bo‘e@ neRegause the tempatature innrease wae toape hedting mechkanismowdi bedagye  but
may al sowge ied to other refrigeration_ 25 devices having a vapor

conpr ess ﬁ”? l "SirgesRRt GEAwRi oW &omehe. fitsh) Predeterminedrronition orethe
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(4) In the aforementioned second embodiment, the liquid level detection
15 circuit was newly arranged at the abex of the receiver, but a configuration is also
possible in which a conventional gas venting circuit arranged on the apex of the
receiver is used. In this configuration, a circuit that is identical to that of the
second embodiment can be formed by simply arranging a heating mechanism in

the gas venting circuit.

. 20 (5) In the second embodiment, the auxiliary liquid level detection circuit is
provided in the reference position of the receiver, and a liquid level detection
circuit is provided at the apex of the receiver. However, a configuration in which
the auxiliary liquid level detection circuit is eliminated is also possible. In this
configuration, the presence or absence of the liquid level will be detected with a

25  detection method that is identical to that of the first embodiment.
Industrial Applicability
If the present invention is used in a refrigeration device including a

refrigeration circuit having a compressor and a receiver, the ability of a liquid

level detection circuit to accurately determine whether or not liquid refrigerant is
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unit 1s enployed. (3) In the aforenenti oned enbodi nents, the liquid | evel
detection circuit is configured so as to reduce the pressure of the
refrigerant drawn out fromthe first predeterm ned position of the
receiver with the pressure reduction 5 mechanism and then heat the
refrigerant with the heating nmechanism However, a circuit configuration
whi ch heats the refrigerant with the heating nmechanism and then reduces
t he pressierediuptaapredetarminedposition ef thedeceivencambelimproved. s al so

possi ble. Even with this configuration, |ike with the aforenentioned
enbodi nents, the liquid | evel determ nation can be perfornmed 10 because the
tenperature increase due to the heating nmechanismwl| be |large when the

refrigerant drawn out fromthe first predeterm ned position of the
receiver is gas refrigerant, and the tenperature increase due to the
heating nechanismw ||l be small when the refrigerant is liquid
refrigerant. (4) In the aforenenti oned second enbodi nent, the liquid |evel
detection 15 circuit was newy arranged at the apex of the receiver, but a
configuration is also possible in which a conventional gas venting circuit
arranged on the apex of the receiver is used. In this configuration, a
circuit that is identical to that of the second enbodi nent can be forned
by sinply arranging a heating nmechanismin the gas venting circuit. | 20
(5) I'n the second enbodiment, the auxiliary liquid | evel detection circuit
is provided in the reference position of the receiver, and a liquid |evel
tection circuit is provided at the apex of the receiver. However, a
nfiguration in which the auxiliary liquid |level detection circuit is
elimnated is also possible. In this configuration, the presence or
absence of the liquid level will be detected with a 25 detection nethod
that is identical to that of the first enbodi nent. Industrial Applicability
If the present invention is used in a refrigeration device including a
refrigeration circuit having a conpressor and a receiver, the ability of a
liquid |evel detection circuit to accurately determ ne whet her or not
liquid refrigerant is
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"-28 stored up to a predetermined position of the receiver can be inproved.
0 0O CLAIMS 1. Arefrigeration device (1, 501), conprising: a main
refrigerant circuit (10) which includes a conpressor (21) that 5
conpresses gas refrigerant, a heat source side heat exchanger (24), a
receiver (26) that stores liquid refrigerant, and user side heat
exchangers (52); and a liquid |evel gi¥ﬁc§ion circuit (30, 630) arranged so
as to be capable of drawing out a p MR of refrigerant in the receiver
froma predeterm ned position (L1, L2) of the receiver, reducing the
pressure of the refrigerant and heating the is 10 refrigerant, neasuring

the tenperature ofa tdffgémtibh @RI (1, 304) (ddRibAeid!r ning the refrigerant to
an intake side of the %onplressor, %h or%ﬂerﬁéborsgge ect whether a liquid

level in the recenaiarrefdgerant heircpitedis) ewRiohe thaneddd ia0Bombreddty 421) that
refrigeration device (1, 501) set forth in claiml, wherein 15 the _
pr edeger ontprepdes giasrefrigerank)a béat seuncecside dreat 2xchasger (1| tireoeiver whi ch
gas refrigerant or liquid refrigerant can be present when the amount of
refriger 526) thab stades Havidaefrigesantz Bnd aiset Rigdedrept exchangensdb2),gndat i on devi ce

P S Ao il i B b
Faduct  oranle,08ta Mhrfh BPEIECARE 1T RELATRIHAR 2 stddteimial BagHoR
431c), anpg, qc Qﬁqgﬁdrbbéivéﬁ%w@ih?(t%g)pr‘@isEUré BPtHeﬂ?é”fﬁ e?é(rg%rfﬂ{ n%?ﬁ%tt%% ‘s A

conpressor (21), a tenperature detectron nechani §m

t eoperafrigeeat ndusuriplr thecteaiderafurerofipenafinabrt dhd A &t@initd'the
ting mechanism 4 The refrigeration device (1, 501) set forthin claim

3, wher eirefrigesantdata mintake sidei afithé Tbmpra8der) in srderttealetestobisethier atlkaid uses

t he
level in the receiver is at the predetermined position.

2. The refrigeration device (1, 501) set forth in claim 1, wherein
15 the predetermined position (L, L2) of the receiver (26) is a position at
which gas refrigerant or liquid refrigerant can be present when the amount of

refrigerant stored in the receiver has changed.

3. The refrigeration device (1, 501) set forth in claim 1 or 2, wherein
. 20 the liquid level detection circuit (30, 130, 230, 330, 430, 630) includes a
bypass circuit (31, 131, 231, 331, 431) having an open/close mechanism (31a,
131a), a pressure reduction mechanism (31b), and a heating mechanism (31c,
231c, 331c, 431c), and connects the receiver (26) with the intake side of the
compressor (21), and a temperature detection mechanism (32) that detects a
25 temperature of the refrigerant after being heated by means of the heating

mechanism.

4 The refrigeration device (1, 501) set forth in claim 3, wherein

the heating mechanism (31c, 331c) is a heat exchanger that uses the
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~-30refrigerant which flows inside the main refrigerant circuit (10) as a
heating source. 5. The refrigeration device (1, 501) set forth in claim4,
wherein a heating source of the heating nmechanism (31c) is liquid
refrigerant 5 which flows in the main refrigerant circuit (10) between the
heat source side heat exchanger (24) and the user side heat exchangers
(52); an\t;l\ﬁéhe he tig%ﬂechaniém Is arranged in t_he_byBass circuit (31, 131)
more  dowWRYIIERT WRIET Tlows dpside the main refrigreantiaieup(d9s as @ heating seurce.
mechani sm (31b, 131 a). 10 6. The refrigeration device (501) set forth in
any of clains 1 to 5, further conprising an auxiliary liquid |evel
detection circugt i ; S : t the liquid
| evel det ectiohs'cif@%?%f”?g%fﬂogg%v?J%Qd%pg) g%{fg%gh%éad@%’ \D@ére aw out a
portion of refra grRiading sburicBeof BFEineRting2 idPRsHib bR (LR
15 of the receiver thgt I's conti nuous:h{/léf'?I)elcggﬁmrggﬁ)gﬂsfﬂarggf fﬁ%‘ Fgérht even
when the whichflowsin thef mageredngerahbtizduit (10)sethveesi therhda @bukassigbanged. 7.
The refrigeration device (1, 501) set forth in any of clains 1 to 6,
wher ei n  exahanper (24) angetheriser side heatexchangers (68);randef ri gerant circuit
(10) and the Iiﬂuid | evel detection circuit &30, 130, 230, 330, 530, 630)

i ncl udes R32 atN§d'&atNgomechprisiis agangeq dn the byaass sirsutit3tiet 3¢ mone

nmet hod of | i l.ce 25 501) havin . mai n refrigerant
cirear (B et i Al nad b BEbstR dlidiphonsehayar B b
refrigerayqg)a heat source side heat exchanger (24), and a receiver (26)
that stores I'iquid refrigerant; the refrigerant anount detection nethod
CoNprisi Ng: a @NPTIRS féfrigeRtioaldéVics IS0 ) it ot § ' a

ssure at -31 which tﬁe refri geraglt t)hat ?*@%Sﬁi%?ﬁg@%ﬁ‘fogg@ﬁt{h‘ér
circuit camprésiegpndensed in the

an auxiliary liquid level detection circuit (530) that has the same structure

as that of the liquid level detection circuit (30, 630), and is arranged so as to
draw out a portion of refrigerant in the receiver (26) from a reference position (Lg)

15 of the receiver that is continuously filled with liquid refrigerant even when the

amount of refrigerant stored in the receiver (26) has changed.

7. The refrigeration device (1, 501) set forth in any of claims 1 to 6,

wherein
‘ 20 the refrigerant that flows in the main refrigerant circuit (10) and the liquid
level detection circuit (30, 130, 230, 330, 530, 630) includes R32 at 50 wt% or

greater.

8. A refrigerant amount detection method of a refrigeration device (1,

25  501) having a main refrigerant circuit (10) which includes a compressor (21) that
compresses gas refrigerant, a heat source side heat exchanger (24), and a
receiver (26) that stores liquid refrigerant; the refrigerant amount detection
method comprising:

a compressor operation step that increases pressure up to a pressure at
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heat 'source side heat exchanger by operating the conpressor; and a liquid

| evel detection step that, during the conpressor operation step, draws out
a portion of the refrigerant in the receiver froma predetermned 5
position (Li, L2) of the receiver, reduces the pressure of the refrigerant
and heats the refrigerant, neasures the refrigerant tenperature, and
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pr edet er mi ned position based upon the rigerant tenperature measur
heat source side heat exchanger by operating the compressor; and
a liquid level detection step that, during the compressor operation step,
draws out a portion of the refrigerant in the receiver from a predetermined
5 position (L1, L2) of the receiver, reduces the pressure of the refrigerant and heats
the refrigerant, measures the refrigerant temperature, and determines whether or

not the liquid level in the receiver is at a predetermined position based upon the

refrigerant temperature measured.
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