3 May 2006 Specification REFRI GERATI ON DEVI CE AND METHOD FOR DETECTI NG
REFRI GERANT AMOUNT OF REFRI GERATI ON DEVI CE Technical Field 5 The present
invention relates to a refrigeration device and a net hod fgr d%&ﬁ“ ng the
refrigerant anount of a refrigeration device. More particuPafdys e
present invention relates to a refrigeration device that includes a

refrigerant circuit having a conp ; :l}at conpresses gas refrigerant
and a receiver that stores |iqui dsﬁéélﬁ?agié}gnt, and a net hod of detecting

the refri RERRIGERATIONDEWCE AN METIROINE OtePETEC BRK SIER G AR ANGNE

exanpl e of a conventional refrigeration device that includes a vapor
conpressi on refrigerati &AMOUNTUOF REFRIGERATIONIDEMIGEr that is enployed to
provide _air conditioning for buildings or the like. This type of air

condi ti orl8EhpicAkEIEld y 15 i ncl udes a heat source unit having a conpressor
and a_heat source side heat _exchanger, a plurality of user units having
user 3ide heat ﬁs@ﬂ&ﬁ@@?g‘,"ea%“ dﬁ@t&r i ?if&g’f%ﬁ'i?“%ﬁﬁw@i A gy methaghier i qui d
refriger tien 1] h . it Wth.thi Lr

condi 1 oasrectgRE, tefboraF ot o 8VRRideralof AR cBrost rericllafiydhgng

t hen duri t raldted tot b I dd Fp MM (.10 t he
anount mp Iﬁ?ﬂse’sf}lrti @g%gﬁ?‘? nrgfadctlgﬂ t?ngzrce? (I) edrgﬂ?:ﬂ %\& ttlp}%‘f ?Hecrh‘gﬁ]sc%? F‘?ﬁge}%r}t

ref ri ger airtuit baninecs icompresser. thdbeoniphessedcgal sefrigbariefidsh 98casef thathet her
or not the air conditioner has been charged with the required anmount of

ref ri ger &lregiliquicheefrigetantrand da metbdd wiatetedting thee refegdesht famoutaofgang on
site., This is because 25 the length of the refrigerant connection |ines

wi |1 1Qar (Hgeran dayicssite at which the air conditioner is installed.
Because gf I(h' ’dt e anount of refrigerant charged into the air
conditio%«?rC PG, I'y upon the charging task level. One air conditioner

detect when 1 hO QIPRL bandifiRYief b fito Yoo fRIUAGHEES gt oan
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
15 includes a heat source unit having a compressor 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
25 the length of the refrigerant connection fines 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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-1 3 May 2006 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 conditi Rfr' air
conditioner 901 having a configuration that can detect th q%ﬁéﬁblevel of
a receiver will be described belowwth 5 reference to Fig. 10. The air

condi ti ongsyid8d ih%'réﬁ@%rénﬂ‘&?éuiﬁ?éﬁd&ﬁsuﬁi reﬁ?t%v mihdy 'Hgﬁ#d feVePfand Rehe

.
two) user units 5 that "are connecte n parallel, and iquid refrigerant

connect i detddtnduringnefirigegast cldngirgetian taniountest raffighidit that hdledsetov et 0
connect the heat source unit 902 and the user units 5. 10 The user units 5
pri mari | gharggdiddodhasair coindédiomepahsiain coadifiensi 904 nkiaving us epnfigamtibaat
exchanger, 52. The user side expansion valve 51 is an electric expansion
val ve t h#tati gapodatest dhet bayidelavelafga siegeiver wille bgsdpseiikrd halew witbhanger
52, apd serves tg)edlgj L{Bt the refrigerant pressure, refrigerant flowrate
and the IFREENCH er “si de heat exchanger 52 is a cross fin tube type heat

15 exchanger, 484 SFOFRIE SRR HEADso BN, EphbRDTgsent

enbodi ment, a user unit I'ncludes a e figures)”’that

takes in(hémedaab) aiser iuMits 5 RBat BicctbMRedtB8TiRQSaraReld aR@l & SRjutd réXrig@ratr
outward, and is capable of exchanging heat between the indoor air and the

r ef ri ger anhnédtidn fihevs and 4 has refrigerantdeoimesattioaxditeaigbat S&rve2td Fhendutat
source unit 902 pri mar i_@/ i ncl udes a conpressor 21, an oil separator 22, a
four way tRewheahseuyceanie®0Band the useswnitc®. si de heat exchanger 24, a

brid circuit_?25 that includes heat . source sjde expansion val ve 25a, a
Pecolber Hen & ThRiT Wil BaTerfalbidsa Uses Sk AT 4ale Sk T 36, The
conpr essor . Se ress fefriger.ant ra ein,. The oil 25
seggr at oﬁsﬁé%i‘% é}?’(&:ﬁ @H’%%?Ptﬁ d-lirhsecHagbéﬁgi %g)%i]ﬁgqmggggﬁmf;{r EséBreT‘ift,r I8and S
a vesse inge sep il Iolf fri.ger t hat
has beenlexEégﬁn%Pgs{s/éélg§d?{sééh|§rg(g@@c'lt'ﬁdé tgi I[Hasgiglgiraatsrlebtf‘t Pﬁ {h%e u(k);'@f sztg%ar%at?tor 22
i s returekchimgert & dariit ek&esitdaidpistithe rePigeragresgirey réfrigbratitifionetaten | i ne

22a. The four way

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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swi tching valve 23 serves to switch the direction of the refrigerant flow
during -2 3 May 2006 swi tching between cooling operations and heating
operations. During cooling operations, the four way sw tgl’\i&ng v%l ve 23 can
connect the discharge port of the oil separator 22 and th g% 2008e of the
heat source side heat exchanger 24, and can connect the intake side of the

> inges onnect.the i ntake side of
operatt on PR PebiSuBEoolfo ofaRdls DrtDNBEEA Yberahs', DEMAG Ml ' [he

oi | sepabﬁbﬁatio%%, ang fbhewagsswitdHihg /A 2806HIEebhRect thieN@iséhayedp6arby
connect the intake side of 'the conpressor 21 and the gas side of the heat

sour ce sithieohesapamtoh2fged the. gadhsideeadtths heat sosicteside dieaé erblaavyger 244 is a
cross fin tube type heat exchanger, and serves to exchange heat 10 between
air and eafreyecanneehte idake skleachths campressoridie anddhesgag eefrigarant 902

i ncl udes a fan, (nat o] In the.fiqures) that takes in outdoor air_into
the P ceneetidbfaes it hoging Sreralons: the duaray swieias vafe, s of
exchangi t : | refr] lows in
exchang, e chlecP Ry Sated ity 814 001nald: 21504 e LELTLARBEN SdleghR
exanpl e, (ife VelaiCeHn diffoctth Mtake dlde/SEHR cottibfbsdsr 21 A HRYM bigefdro- 11,

and serves to tenporarily store refrigerant liquid that flows  In the nmain

refriger &nd heat soiriceldide heat eecivanvgr 26 iTid hdassaurce Hidk @epbekcltangdrhe
upper portion of the vessel, and a discharge port on the | ower portion of
the ves@dlis Bhertss digetwia dype ERti exdhanged Andnsemveshteaexsbange heale
expansi on 20 val ve 25a and three check val ves 25b, 25¢, 25d, and serves to

al | obf r ePPIYRAAT aBE refrigarant hat Rots @8er oAt SeUrGe m L edt SREIGRMNItLT ¢ he

port of 008 PaLeRse Y (W ShobRan B aRleingh ke I, b BBk r IS e D
re Tecen . e Tel I

S de. hoal MSUah URAED! hd SBffes, & Bichf By BHRA 087 15 oPRble 5L BERR-RAHE S, o

heat exchapgeesvden tHE@UIGSSr aipHHEtH e@‘rigém&haﬂﬂwhwﬁ theaheatSsdlitce
el ectric expansion valve that is connected to the liquid side of the heat

sour ce skitie heattexechahgeg@d. 24, and serves to adjust the refrigerant
Pt essgjr © 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
20 valve 25a and three check valves 25b, 25c¢, 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
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o

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 -3 3 May 2006 6 and t he gas r§f %9%@§§t
connection line 7. The main refrigerant circuit 10 of di tioner
901 is fornmed by these devices, lines, and val ves. FurthernDre, the air

condi t i omesn@ Qe il HalRgermrk BHhECHEY She dE! atid Rfdin %fr%;@rér%tﬁé‘ﬂ:dim_é dfS

connected to a predeterm ned position on the receiver ) 51iquid

| evel deties tir@onditionert90938 fosned bpeiésddedteedmeshangvatiaiser m ned position
of the receiver 26 and the intake side of the conpressor 21, and can draw
out refrigeranfurthenmpre {hecaint eonditienerp88iltincludes ahliguiédeveledet®gtioneduce
the pressure of the refrigerant, and return the refrlggrant to the_intake

si de of pﬂeu't%ﬁ?ﬁhé&@o@c’wct%%a rredeterainadpasitiar opdheteseiver 26ndhe

20. h th 0. | d 93 d
reoe e gl el eﬁﬁﬁtffé@"égg?wﬁo 'Y BuniSeieq | b8lear dHe L pratibe BRear ot he
amount ook f ¢&¢v@rnéstafa@ttwesln§5@erae' ¢ Bk RAELER 2 2o e e

required armunt o] rrgerant i's charged in e mal n |gerant CII‘CUI'[

10. The Idlr@wwhtlr@f/rﬁ:jerdﬁt o e grédi#erfrmﬂaa posticiies tie PYGENGT 26, fetluick 931
havi ng an open/cl ose nechani sm 931a conposed of a solenoid valve 15 and a

pressur e thegredsuoa ofitud eefrigeradB,Lond ostpos t rffrigerampitd thee intakebsidehafttheser ves
to reduce the pressure of refrigerant that is provided on the downstream
si de of CREWPLFNIC? bItelive thRpredatominednsition @hﬁb@rr@p@w@ré’&f@cwh@h the

The. TBowidbidavsCRaEcHen ohgub o omneaie 'rsoaiﬂarééﬁ” Serfunstt B8SbonHie "ac:

of Charg EB;T q&hﬁai{ﬁ;r eqhdln %QttPCthé%‘l’ﬁéurFtoofch éﬁ@%@%ﬁ"ﬂ%t ug@?&ed%r

condi ti o he“receiver [evel

det ect | 0"the ‘Péééiuért 283fHerrid ré&jlfécgﬁﬁMht of erngeFﬁlrQ?lQ)ch‘éﬂrﬂ;éd e t}‘i’@%%hbed
First, the circuit configuration of the main réfrigerant Circuit 10 will be

pl aced | néfeigenmiti cigcuip @ 0atThen linwidelevBuUdetegtionotirauit Operiativaies, a thgalseur way
25 switching valve 23 is in the state shown by the solid lines in Fig. 10,
i .e., theirduitORarhpying do apenitiese orgahasison 921aicompoaescofcal solencitbvglae si de
of the h%% 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 refrigerant 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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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 liquid side gate valve 27, the gas side gate valve 2 anqﬁb e heat
source side -4 3 May 2006 expansion val ve 25a are opened, SaM@Yt4%Caperture
of the user side expansion valve 51 is adjusted so as to reduce the

pressure 6?( ahQi%nr@él{/éF@VeﬁgPe gﬁ%ﬁ@d}ﬁﬁd Qﬁéﬁgeﬁdrégﬁrtﬁ tus‘arrs‘?ﬁ% texp@nkidnt i s

state, refrigerant w rged into the main refrigerant ¢rrcurt 10

from t he velleeh1 @ adijieterPEo adne rédude HROpIeBIURDST thiireftigdrhht. be per f or med.
More specifically, when the heat source unit 902 fan, the user unit 5 fan,

and the conpred¥ih the aranacfugeradt ceesit d6f ni desastatet refripessduwdl BS
(about 0.6 MPa) (see point Ain Fi (t; 12) will be taken into the conpressor
21 and cé&hgressdato they maiaseaffgenadt (Giksyilt 19 frompe extariassthermpfing@nd aa

ST e Roat=oBle SRR CoR I g dpricred ( KOs st il heh (schegh EOUES t no
i | ; te . fi | he, Oi snt B
n Fig U o0y EARA fut B raTcatd e AlietRl A B SctadES B
heat sourgfigelrai®t at'®pleXPE#G8b0RA0. MPBB‘?S&@H(BMWH%IWWH] pertakan?3,

[
exchanges héat with "outdoor air, and is condensed (see point Cin Fig.
12) . The istontienseehpregsord 215aneéfcorgereastdvwiol b pressard RO (abbsutu2€r MPats 5
via the bridge circuit 25 and the liquid refrigerant connection |line 6.
Then, t heoriegppddingf o gesandensation itemperaturepof B8 Gder theimefrigesantsinrbeuced

o R b st S AR B R abeP el a
Cer 1 gor 4% ON SRR RF 228 s dbrretne B bihaerahtatd FROOFHEE BN B gt an
CoEEL! I | Al (R ol s g Rty & ot B8R O gLRL o
2,y e e R e Wy gk marnes D,
unit 5, @®joamaily, angas tdomdenbed Heee qiaint &nimukig. of2)r dihel gendenseadhliquids
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.




charged fromthe outside will be gradually stored as liquid refrigerant in
the receiver 26, because the anmount of evaporated refrigerant in the user
side heat exchangers 52 will be balanced with the armunt3§jl?\)g§6%nsed

refrigerant in the heat source side heat exchanger 24. 5 y 06 Next,
while the aforenentioned refrigerant charging operation is perforned, the

open/ cl ose nmec kS aof | el evel: CLi o C F CLL L 030 i | |
e e e e o

pr edet er pefeEmpasttid opehlkicde Mizhaaieh O a26f, tHehkquid degelr detebise @ircuit! | be
5 reduced by neans of the pressure reduction nechanism 931 b, the
t enper at 988 willf be heparef a i ppetiamtof dheerefigerastivell red deaw routi frombtheniestur ed
by neans of the tenperature detection nmechani sm 32, and then the
refri ger Bedetprmingd pesilicAelt®f thederpvake2®i the aressidecfpieetswil be. 1 n

the eyent that, the amounf,of the liquid.refrigerant red in the . 10
recei vor TeEd PYTERTROL HE pravare Festogrmefeenra BTt afei ekt Bes not
reach th LISk ' Sity wiflf WV

refriger g%tﬂs%’ n@tr@réﬁf&fﬁgf‘ gcqgg%?gt Iléatdtj g{e?%'lr p\%'ﬁ nt%é @E"%‘I?ﬁﬁugg &ﬁéﬁ @av\? SPI% ftrgw
therei n. teipérfAae d&kction nfdthatidrh 32€ antarEs e lréfrigémwi@ betrepirfgduse PS
by the pressure reduction nmechani sm 931 b, and reduced in tenperature from
about 57¢hd¢ mtaktweide2fCGhéxzomgpsesat2t.e 15 reduction of about 37C)(see point

F of Fig. 13). After this, when the liquid level of the liquid refrigerant
reaches the fi frstthepevenit Erati thed apoainti oh tha listuid Hefrigarant storeg dmdhei qui d

[ig[ﬂa ©| BRRavaIe i Io¥h A0 b iosblive] SEneckadiy TeirBeranl ool Behditci ng

t f this |]jqui. fri N . h

or esour o L ugtetshmiuad dhitinh £ o 456 Reben 7 SHCRIMFeP R B 8 0
i dl ] C a t i | f

Cbout 470 2o PRI B 49 FRCRbWC e, | T i RGP o8

evapor at r@ducethinspresBufetcs padssue® Pdibyi ibaere86ine reduiction tnéeharlisied i, i on

circuit 930 is
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 831b, 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 quuid level detection circuit 930 is

25 provided which takes a portion of refrigerant ou‘t from the first predetermined
position L4 of the receiver 26, reduces the pr;assure 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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25 provided which takes a portion of refrigerant out fromthe first
predeterm ned position L, of the receiver 26, reduces the pressure

t hereof, nmeasures the refrigerant tenperature, and then h%uraﬁ éhe
refrigerant to the intake side of the conpressor 21. TheHh, R
refrigerant taken out fromthe receiver 26 is in the gas state, the quuid

| evel Pé’fﬁgb%tcﬂeﬂ Eé& dﬁ?ﬂ'e%uﬂe fneﬂrlécﬁqﬁrﬁ%f/@lqw ﬁflb‘ﬁ qilf?‘..g itt %) WBsrhalt®

2006 refrigérant ced in pressure in't eve etection crrcurt
930 a smalourdfBAt pbint Eddgoit FEoft BigpaBntafd #fth&irefrigkfant @Reniduttfiem
refrigerant taken out from the receiver 26 is in the liquid state, the

| i qui d | theelreckivecbois ini theuliquigi3state,| the liquiddevelhdeteetipercitauite9d3® wilie
refrigerant reduced in ressure by neans of flash 5 evaporation a |arge
amount (f&djrﬁepthentermwa giaftthe r@%rrger@nt regpiced in rprﬁ%sureéoryﬁ@reanaroéfhaéaucuon

th d t t, 930, t h t th

Oy ot S s R | o, BRI B e

det t t t , th
ot A Bl % Ll SR A SR S

refriger anerhﬁﬁe ]tﬂatbﬁ'ﬁﬁlrﬁlb@rﬂa?ﬁgéﬁéhf’ i Ge TREBIVEL DG @estBRdd b fltHe Hifstby
determning that the liquid refrigerant in the receiver 26 has not been

stored uprédeteiminiedr sésifioeds! andiiheds teepetatare kédudtiongis, smell ethet iquidpanese
Pat ent Unexam ned Publication No. 2002- 350014) However, there wll be
tinmes inlemel detedtionationnuin®3@ valh detens thahnthieoieguired rapuntceinigiiigerast hes1 nust

be o erated under conditions . in |ch the te ature _of the urce
(such? as PERB Qlargeddnts; the aain fefri ﬂ@gﬁnts%m%{@%a 5%511'“'%&&%%6@ i s

CT rsgr%%rvrgrz?rrrp%gg%?ﬁnszgrefdﬂarrrgﬁerraréperrsmrﬂgressm
f f
o IR R R P

hi gher igsppegpure than RA07C, R22, or the like. For exanple, as shown in
Fig. 14, when the operating refrigerant is changed to R410A, because the
boi | i ng poi nt efowe/EDAtHese Ivailkdbe tiees inherhichf the aforementioned conventional

15  air conditioner 901 must be operated under conditions in which the temperature
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

20  pressure characteristics (i.e., a low boiling point) that are higher in pressure than
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

25 heat exchanger 24 during cooling operations is assumed to be the same 50°C
as when R4Q7C 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’
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R407C, the condensation tenperature of the refrigerant in the heat source
side 25 heat exchanger 24 during cooling operations is assuned to be the
same 50C as when R407C is used, and the condensation pre the heat
source side heat exchanger 24, i.e., the discharge pressﬁf@kﬁg & the
conpressor 21, is assuned to be about 3.0 MPa. Under these conditions, if

t he refrlgfdr@t|ggré:ytj:,leepoﬂtléﬁ%%&%%éy@%&@giﬁgd fhe ﬁcﬁ)ﬁéﬁéﬁeb’f‘t@ Japdf: 2

line will connect polnts -7 and t he poi nt

one nust IpRyaBpdiRDE @b wiich thd he Isegmemllaﬂm |ﬁlfer§é‘(ﬁs véftothe Vapist lide. pa nt E
at which the line segnent B -C intersects with the vapor line. As shown

in Figs. siowmih ERs. iReandr407@hiep REGHC is used aspbeaipargtingfrefrigerantt the he

inclination of the vapor line at point E at which the |line segnent B-C

i nter sectlaclwamrhom@ vapr ling ﬁbppwtﬁpaﬁ whichathe yne@egnmt %C? mte@@s&:t to

thehrlzo axi s r i ncl i ned r& the ri the{

Hovevar | e S SApSrfits i3 SamroNialy Yartis vaheserc iiche herzhnid ISP ¢ ne

vapor I i e t t Sy h the
f\ﬁc@ﬁeoogf. iinFip e VRRE[ GRS, HRPAIRRL oBshbiun B oA, Syt

vapor line is1nc ecause one¥atté s to

detect WhRA{\@A i9Tuddf, thaelneméﬂcﬂ%mﬁesﬁaq;roedmenai fp@s.rrtesem/wma@ the RS

reached a predeterm ned position by nmeans of the liquid | evel detection

circuit SSHymémted’-@Sintdrerotsiwith-thge vagor life iB40ADadstouthedeft Beckmgreeef this,
tenperature reduction when gas refrigerant in the saturated state is
reduced ithopeestampts tofdetasipehather armgidhetrefrigerarmi gorersin thiel receevesrdd | er

than t he degree of tenperature reduction when I| id refrigerant in the
sat url& edas seacheg @eetﬁc@emwnﬁ%%%w (a6 9 'lﬂ#%‘%&' detectian & g.

tup- phasc G B ABR BacheliPngaBute. 1 REDTC.bTche addpd of BrpBEOUEY
pressure r@agbﬁ'&n ﬁvhérﬁ,{?%‘ ﬁfrlgﬁra‘?{t ih! Gre $ratelCsBfd s rb@[ﬂ?@tﬂ ah %I%SEQFE‘C'[ I on
wi |l be produced as en

evaporation occurs 1f liquid refri gerant in

t he sat ur(@bes paindtEetd poineRuFatlg 13 PWEISsSRallér tiantberdedree of tefipgeitate | ' i n
Fig. 15). Note that wmth either refrigerant, a tenperature reduction of

about 47Cef@icton 30@rt tqGid) refrigérant énirthe Batamded statehissredenced infprelseutd qui d
evel of (E‘rrc])?n Iplo(lqnutllfjl tgegcgurlltglecr)?g}g d103e)s qu;[/vever as shown in Fig. 15, if R410A is
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
20 point I' in Fig. 15). Note that with either refrigerant, a temperature reduction of
about 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

25 L4 of the receiver 26 will be detected, and errors will occur in the determination
of 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
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reach the first predeterm ned position L, of the receiver 26, the sudden
reduction in the tenperature of the refrigerant taken fromthe first
predeterm ned position 25 L, of the receiver 26 will be dgtect g and
errors'will occur in the determ nation of whether the Iigd\ﬁﬁ § Wigerant
Is stored up to the first predeterm ned position L, of the receiver 26. In

e . . m | . . : \ o
oper at | n3 i PRERSARIBACAS \inRR10AMICEe Dbkl § bHBBAR dobybUriler 1€
the -8 3cHRYitiBA9GnSRARKPIMRNEIRIGRRN A5 tahhpBradtdrtOs Wigh aRE tAECEBHRGMsation

operations occur under conditions in ich the outdoor air tenperature is
hi gh andtdrhpeatodeothiel @frigéranp iy thielleatafourde sidef heajeahtnger Rhds higit,
source side heat exchanger 24 is high, because the position of point E in
Fi gs. 12baaause the |positiarn of peirtr @, inahnigst A8 amd i & wilhahifopward.hand dper
phase wi || nove |eftward. D scl Oﬁlure ofk%éhe Invention In a refrigeration

|

devi c® i MAlinatiag ok theyaperrhaseoni!ldnpreie™aidi ng a conpressor and a

recei ver . object,. of the.present invention is to increase the ability of
0 ef T duf Il

aliquid urge cuit to accurately determ ne whether or not 10

liquid refrigeypang Péfrigéﬂ{tﬁﬂ Wevic g?cggﬁfg@ggf I’Pﬁ i rBf?érit Ei iP‘;Pé\}?ﬁ’g a

receiver. The refrigeration device aim1l includes a nmain
refriger adipréssatuarid andcaiver, G Bbjeey of tiitepRan® nvintioni it to ThereaBe the
refrigerant circuit includes a conpressor that conpresses gas refrigerant,
a heat sabilitye ofiadbqhidaevekdateotien, circaitrtecacazateh aeternine whether ér not
refrigerant, and user side heat exchangers. The 15 liquid | evel detection
circift fiquigredigarantis feradoupéo apradeterminad pewitien elitheressdari on of the
refrigerant in eceiyer from redet.er m.ned .pqsi,ti ogn _of t receiver,
gt ifdl

h ’
educing the pTBSdsTBaption deb i fisBPsRE 5 AR oA iaudrs & main trrasfaiic

temper at Wig, pbobNe LN oS bt Brben THE' WL Alriddiant EFEhigfidiled § Lhe

i nt ake _ e_cor%%ressor, I'n-order to ect er 'Tquia |evel
i n the resript&ssordfat SombprddiRsRyRARHRISTRAESG POSt Sduple sitldl Fedtadxchangat,i on

device includes a liquid | evel detection circuit that is

a receiver that stores liquid refrigerant, and user side heat exchangers. The
15 liquid level detection circuit is arranged so as to be capable of drawing out a
portion 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

20 is at the predetermined position. )
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
25 the refrigerant due to heating when the refrigerant drawn out from the receiver is
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
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capabl e of measuring the tenperature of refrigerant drawn out froma
predeterm ned position of the receiver after pressure reduction and
heating. Wth this arrangenent, because there will be a Ie’em%& Q@ rease in
the tenperature of 25 the refrigerant due to heating when™t ¢ I ger ant
drawn out fromthe receiver is in the gas state, and when in the liquid

state, t ?ed@éﬁgﬂéﬁr g%tsﬂfé?x to?.ﬁ%aglgggv%‘ﬂﬁ;vilqerpﬂhﬁ@sig@dlﬁgﬁgﬁtc?é’gsé"qt of

vapori zation and thu ere w i NnCrease in enperature of

the refr Pﬁﬂﬁéfﬁntdéﬁlpb@atbﬁétémﬂcaﬁ bBetdrifine %dtQH@'quu@e\‘emgtﬁér@ﬁt [ $tokdd ugan
determne that the liquid refrigerant is not stored up to the -9 3 y 2006

pr edet er to tiezl ppedetermimeds position et dhe aecaiien wheer thers i al singh increaeasa i n
refrigerant tenperature, and_can deternmine that the liquid refrigerant is
st ored upefrigerariceprnadatuseni hibds,peven iusdepicondidionsdei whichwienrefrigeeants a
smal | _increase | refrigerant, tenperature. Thus, even under condifions in
whi ch® t hErgws au gﬁo&?fh%r AVl '§Ub f & Ltrﬁgdr%%%istﬁé?' ard g\wa;enasg §kalfed gas
state, apd -P e t i u [ . S [ .
SLate, oG PP AR O IO RO SR ORI P

i quid rebhidfE@helwhether 8F nbPid QBRI EHSS MeeRch [P bicarténihbe

¢
receiver, the determnation accuracy tHereof can be 1nproved conpared to
when a cpoyitibhi ohtle Irecriver, |thyedetdahiettionnacdurasy theofiseth be kdprdeedr m ne
whet her or not refrigerant is stored up to the predeterm ned position of
t he rececompabgd nieanchast & lhoonyeptondl tigeidt tevedrdetection eclattiti ¢ whed rg
pressure reduction. The refrigeration device disclosed in claim2 is the
devi & ofletarming whether ghineh refRgept daséenedner 1o dke fpredetermingd pesitipher | s
a positio t which gas 15 refgigerant o lquid refrigerant. can he
pr esent ﬁlﬂéﬁet FFeceéYﬁfuﬁV Breangs Pfdg?aﬁ'Fe 9{ JJF'%dﬁL‘WPEErﬁ r?eﬁeeqaqpi'Pnhggneﬂanged.
The refrj | j.ce disclosed in claim3 is the device of claim1l or
2, in \/\h?ﬁlﬁﬁﬁ%g@?%ﬁ% | evel detection circuit includes a bypass circuit
and a tenperafHeaefifjcatib® deVRENABLBBEd THRIANPASS thé devide bnslaides ian

open/ cl ose 20 nechanism a pressure reduction nmechanism and a heating
mechani smhicdndhe predetermined position of the receiver is a position at which gas
15 refrigerant or liquid refrigerant can be present when the amount of refrigerant
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 includes a bypass circuit and a
temperature detection mechanism. The bypass circuit includes an open/close
20 mechanism, a pressure reduction mechanism, and a heating mechanism, and
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
25 which the heating mechanism is a heat exchanger that uses refrigerant which
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
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connects the receiver with an intake side of the conpressor. The
tenperature detection nechani smdetects the tenperature of the refrigerant
after being heated by neans of the heating mechanism The frj ation
device disclosed in claim4 is the device of claim3, in %g’?%#@(ﬁgthe
heat i ng rrechani smis a heat exchanger that uses refrigerant which flows

i nside th Eq{éa'tﬂgﬁﬂﬁ é:l rcuit as a heating source. Wth this
refrigera |on evi ce ot her’ external heating source such as for exanple

an el ectric heatgg réfrigebstidr Kevitk!disdiBsedfERFHH Yo tHEABYRE oF dISRt UNGh
mechani smis used that uses refrigerant which flows in the main refrigerant

-10 3 MaywBRB6tha hegiihg aduecd1edithe heatingcaecAawismefs ligsit aefrigerdat mtrch
disclosed in claim5 is the device of claim4, in which the heating source
of the hefawsin tee maingefrigerantyeireyit betwepsr aftealisource sidevizedtrexdhanger n
refri %grant circuit between a heat S'E'T‘%fhe si de heat exchanger 5 and user

si de Reat@ é’rﬁi’ﬁg’ﬂ?% eﬁ{eemgﬁ’ﬁgne es'ﬂﬁ'f‘gsmﬁﬁ: ﬁ"r\'&@bl i freange bﬂ)é&%

educt | orDHANAHTEN 00ien cpunStraRl of sty Aot e, erBRtSGes an

t enper at urgy \Wibh a?i"?rh!’ and the refrlgerant tenperature wll be
corrparatlvely stable, even if heat 10 exchange is used, because the

heati ng mechaniWithuges réfrigiérahtr @é\ncgecmﬁgBédﬁai réfrigeganit r’tehﬁﬁerﬂﬁﬂr@ will be
refrigerant circuit as a heating source ecause of this, refrigerant that

flows in smalll anditie Irefrigerardt teotpevatuce vallibe wnpbnatwehrbﬂyblﬁee&vedl if Tleat
refrigeration device disclosed in claim6 is the device of any of clains 1
t o 5,Uandexchangsr isi weed;deacapsetiigi hlq?%trrgg me@baalsmwepsdeu&fef@getantctbat t hat
15 has the sanme structure _as that the |i dIeve detection ¢

and is arTHydl é’%a'f‘or%?'%%atggtc"guﬁo%l%rh INYePPHGEr a eqawsehg* I’tléléel ver
froma fe&r?% ?1? %%EOWSOIH tﬂe |IE]E?C] Ie%ledef(t%[: 6#§P-cm§c§r9'5te' &g&wﬁtéa' led with

liquidre eran erant s n the
receiver has Chﬁﬁ'@ﬁ@fnd@réﬁor‘i rHénc'feefd"s%dﬂtﬁ’s'eﬁht 'wP'EIéiﬁf“GC% tHY deivide ef nhyt Be

auxiliary liquid |evel

claims 1 to 5, and further includes an auxiliary liquid level detection circuit that
15 has the same structure as that of the liquid level detection circuit, and is
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
20  detection circuit having the same configuration as the liquid level detection
circuit at the reference position at which liquid refrigerant is continucusly 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
25 refrigerant detected by the temperature detection mechanism on the auxiliary
liquid level 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.
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20 detection circuit having the same configuration as the liquid |evel
detection circuit at the reference position at which liquid refrigerant is
continuously stored in the receiver, the tenperature Ofnégﬁ r é .ger ant
can be detected by neans of each tenperature detection 3%? hbof t he
two liquid | evel detection circuits, and the liquid |evel can be detected

by comparing t hgetl RIFREEAkiBhedHick MisdBsé&Tih! A§iRTY lig%écé cYoft 88y of

t enper ature detection”mechanr sm on tﬁe auxilrary I quird (Te‘gvel detection

circuit sigfi@sastes)infvehieneRe rafrigBrdmehitemies i thieemain tditgeragt Cire@it and
detected by the tenperature detection nechanismon the I1quid |evel

det ect i otheliquidileveliditectidrusircdihiacludes 32 abb0 ali¥%cocgreaftera | i qui d | evel can
be easily determ ned, and nmeasurenent accuracy can be further inproved. -
11 3 May 2006Wien the refjigesntde b wsed iorltdes S23L ah 3O with or geeateeadevi ce
of an

et 11 ger i Sfe?i@e”fhetlre%{?af%piqEhe?%"eh\‘é{ﬁoéq“ﬁmr@?iééﬂﬁ%@ﬂ%qq%%a{e@fa}e?o“r%ﬁ%é@%gi@”at
50 % : : i J ' : %
o or ont 86 1Ele! cdhBRL bR EDnB I ghBa 2ellPE by R dREEGarfagl, 0"

the presgnge o%&e&ibﬁeeﬁ&iiﬂrbc?c%dsbqﬂhbfe Imﬁrlv%'e 538ARbrd hdRbAsRIdIaHeWdpbrgood

accuracy by a conventiona I qui d evel detection circuit, because there

wi Il be #néehtheplessicbicrabalpy obiart dtetheagumdenlsiation itempbeatpree fsaares@@ahal py
chart at the condensation tenperature (near 50C) of the refrigerant in the
heat souotethsi defrigesantelit thrgbdeatiusduige ceidei hgatl @xspanger chgingndooling

refrigerant chargi ng operations. However, with this refrigeration  device,
even! GheRPEFEIONSOU f@fgeeant@ﬂs@mmgr@areﬁws@,emeweg. w&hﬁglsur@érdgerﬁﬁen
liquid | | detecti ' i t d ' t he . b f
L e B T Sl S bl AR PSR B e b
accuracy L GiAEyEl dété%tieﬁgr%illc'&ﬂ S5 Rarihe %hé)ﬁog%!ééjr?c% Bhsbgéﬂcdee \%/:? alligiget hod

of detecti'ng the anount refrigerant in a rigeration I ce di scl osed

in clai md&dl atIhaplrbestedhirtRt pesitiod of NRe 38BGIDEST _Wflth\r,\%c_fdd gEec@aky ibecadse
refrigeration device having a refrigerant cirguit ich includes a

conpr essthie heating cwghaaise $s peovided thegeinant, a heat source side heat
exchanger, and a
15 The method of detecting the amount of refrigerant in a refrigeration
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
20 operation step and a liquid level detection step. The compressor operation step
increases 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
25  predetermined position of the receiver, will reduce the pressure of the refrigerant
and heat it, will 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
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receiver that stores liquid refrigerant, the nethod including a conpressor
20 operation step and a liquid | evel detection step. The conpressor
operation step increases pressure up to the point at which the refrigerant
that flows in the refrigerant circuit can be condensed i P source
si de heat exchanger by operating the conpressor. During the conpressor

oper at | Of'RinprklSot péistebotteincrdsie Pibadrst 8p # e Pl Bt/wticiafbi on of

the refrigerant in the receiver froma predeterm ned position of the

recei ver praddurer eflupe réigeraRstif Abwihén ritbr irgleigemint airduibealll idausei | |
measure the refrigerant tenperature, and will determ ned whether or not

t he |i quicdntlensatiamin the heatesorece isideahedthexghanger,agefigardnpisihe weeivsased
upon the refrigerant tenperature nmeasured. Wth this Iiquid | evel detection
met hod otvill R drawp; éfeam dhe gerdetermipgdpasitiorsoivihe regeiyer.iHbe poaprweUr

to i h ' which th f th
ot dor I reRGEATOND PR TeREcsE A Jar e edt el Bl et BRIt dRERt | on
in the hegh é&l{ﬁﬁa@ ﬁfh%eretf‘@@%raﬂf(ﬁ;ﬂ?gtg%ea%ﬁéﬁ.' \ﬁﬁ{hatﬂis hitah &n%ﬁﬁ%e\é%bsew H
be drawn out rom? e pre ermned position of the recerver, 'the pressure

of 5 thetigbruiliieaalanye ihchR@isearUBedemperdtife befHe efigetantlié t&heAgnaged.
and then the tenperature of the refrigerant wll be neasured. Wth this

arr angenmiten thecafsgerahhdraavmolit from thel mecgiver s irethieegasstate, arehpbieatior e of
the refrigerant due to heating when the refrigerant drawn out fromthe
recei ver the liguidt $isteydbe dresat enesgid duadn heatinghwill| heygpaswnad @s latentHeat

R i B S S B bl et
ot er o nEctrindteicli oot 10 iglIRVer SiBGySIERERLL Ol Bpftite R the
predet er 'ghﬁﬂdre(?ﬁgértain?'?s %fottr?g@feﬂe&ﬁitéf%e,%Qﬁﬁﬁﬁ{@dhgésﬁoh?dfgﬁei RideRAse i n

refrigerant tenperature, and can determne that t l1quid refrigerant is
stored upHen thieee By & lergerintreade o séfrigeraritfteinperataesiary cdibdeteemitdieiat is a

small increase in refrigerant tenperature. Thus, even under conditions in
whi ch t héhe difiuidgeefagerant aswstaned @ip dontheepredeteirmined positionhef et taceived gas
SRS A hen HoreTla s small incroash in I6fgerant tomperature. Thus. even drider
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
20 determination accuracy thereof can be improved compared to when a
conventional liquid level 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
25 Fig. 1 is a schematic diagram of a refrigerant circuit of an air conditioner
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
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because the liquid |level detection circuit can determ ne whether or not
liquid refrigerant is stored up to the predeterm ned position of the
receiver, the 20 determ nation accuracy thereof can be inp ared to
when a conventional liquid | evel detection circuit is useéw %@@@pm ne
whet her or not refrigerant is stored up to the predeterm ned position of

the recel kgiatsydlRRctiin cifdlfit & the 1Pt diiBolifigRT at ur e Teduction during

pressure reduction rne scription o awings 25 Fig. 1is a

schemati c di agr B, of isaa bEhémate AMgrahT 6Ua reigepdntadircutwfdint aiprenditidhed
first enbodi ment of the present invention. Fig. 2 is an enlarged view of

Fig. 14, hadnghawdirsthenabificationorfothea liguitlildvell detdctidat egtuibnotcithe ufitst of
the first enbodi ment and a second enbodinent. Fig. 3 is an enlarged vi ew of
Fig. 12, amposipeBt.t he operation of the -13 3 May 2006 |iquid |evel

embodi chematic ram of

d f.the fi
2rerrd SQrQHCEF&% i 2 poBemaTie SEHAM Pon e MIRERA REH it SnANEAEr on of
the 1iquig wﬁ el 9&%09‘1(& i :ﬁéétfdﬁ' bf Qhet Irlﬁcﬁ I¥9§EI dg{g&(ﬁghggﬂ%mt ¥f the. figst! S @

schematic ramof a refrigerant circ an alr co 1oner having a
second rmgh{uog%bﬁp of the |IC]UI d level detection circuit of the first
enbodi nent. Fig. 6 is a schematic diagramof a refrigerant circuit of an

ai r condi ti oner Figh&visrg sehérnitic diaxtafi o ireftigetarithadrduitqpfiah dieveehditisnect i on
circuit of the first 10 enbodinment. Fig. 7 is a schematic diagramof a

r ef ri ger ahaviogr authirdbfmegdifigation oefdithe ditrid leuel N’@t@tmﬂmuﬁnd?ﬂh@aﬁﬁén of
the liquid | evel detection circuit of the first enbodinent. Fig. 8 is a
schentl i cCONPRGIMANLF a refrigerant circuit of an air conditioner 15 of a

second enbodi rrep@rgf |ﬁ;h§8ﬁ%ﬁ§ﬁ%%ﬁ\éﬁ}s{z‘f{S?efnlg:;'egant C"%taﬂv& gh 5?%%'n\éﬁfon%fr the

air conditioner
having a fourth modification of the liquid level detection circuit of the first

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

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

20  receiver of the air conditioner of the first embodiment.

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

25 conventional liquid level detection circuit.

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
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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 20 receiver of the air conditioner of bga fir %

enbodi ment. Fig. 12 is a R407C pressure-enthal py graph, a §ﬁ3@§ t he
refrigerant cycle of a conventional air conditioner during cooling

oper at i ori}gn%a%tﬁéﬂyag{oﬁﬁgel &&35 'Ngir‘g@grat lons. Fig. 13 is an enl arged view

of Fig. e operation a 25 conventional liquid Ievel

det ect i ome&t Mddd ForCarryiHy O8t fh&dhtidhessur e-ent hal py graph, and shows
the refrigerant cycle 0Of "a conventional air conditioner during cooling

operations or Eghliodieients of theargfriggrationr dévice of thé Predentiiavemtienivill ped vi ew
of Fig. 14, and shows the operation of a -14 3 May 2006 conventional |iquid
| evel dedesctiloed beloywuivith refsrencevialtheFigurear ryi ng Qut The | nvention
Enbodi ment s of Eaﬁ refrigeration device of the present invention wll be
descr? betf 1KY imethf erence to the figures. 5 [First Enmbodinent] (1)
Overal | nfiguration of..an air _conditioner Fig. 1 is a schematic diagram
of “ar et fPORVEI TGPt o A BB oner " 1 of “afi ot enbod ment
and used as_ancRxafl & Bhotmficihgraaf bRl BHARHCSRAt of AIE R S lner

r nc ke t

i nvention. The condi tI oner udes, e conventional air 10

condi ti onesf 9Gkst ambeaimeMupR WsBd ad arfeRambi bf Yhedteftiferstion WeVicd Hr
units 5 that are connected in parallel to the heat source unit 2, and a

| i qui d rdie ipgesenttinveotiorect herait cardiionead 1aingasleselike gbhe aztinveatiosak aon | i ne
7 that serve to connect the heat source unit 2 and the user units 5. Here,

a ded@ri pendiioper PR, sthaattsausee upft 4, e plusality afilhsres twivd usge URESES §Wlir ce
U0 ¢ 2 i o) ARl S A e AL A forkGerat! | D
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

15 refrigerant circuit 10, will be omitted because they are the same as that of the
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,

20 like the conventional liquid level detection circuit 930, between the first
predetermined position Ly of the receiver 26 and the intake side of the
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.

25 The liquid level detection circuit 30 has a bypass circuit 31 which
includes an open/close mechanism 31a composed of a solenoid valve, a
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¢c composed of a
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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_circ ib 30 of the
air conditioner 1 is connected, 20 like the convent i onal 3 GM%Q Pevel
detection circuit 930, between the first predeterm ned position L, of the

recel ver n2g: 3athbRSer A Gedtt e aridiiant BIENRAS Peadded RPEEANEO UM

refrigerant from a” predeterm ne I on recei ve reduce the

pressur ejigliidandvéle etédtor edifdusterantfurth8e ihBrRidesetaurt8mipeeaturef eatiaAt to
the intake side of the conpressor 21. 25 The liquid | evel detection circuit

30 has anmsghesiisroi 32 comm@@Eedinfca themaiktadethabis apanfed catea ipasitom emtBéa
conposed of a solenoid valve, a pressure reduction nechani sm 31b conposed
of a capidpwasireanhsidgrehthadieating meehayams3 1@ ahe haating merhapiam/dicdse

nmechani sm 313 and whic t d th fri t, d
S heati ng Eaananoen hal GrbeRat hea Wi IgU Rk oAb G heak SOMRE L Ethat

heat's ¢ hporel KLAREA! Bl YEoE el hat RABRESGH 4 aFbend Lhy dobi

detection CcircCuit S a tenper re detectron

composed eqthnddier 5 (hidire! McifcIf! bR & bAAROTicUR RS Brihiquidoyest r eam

side of the heating chani'sm 31c’ The heating chanism 31c 1s 5 a heat
exchangegatdadlves AFandgasr demhplel bidubiriube 9peirgat arthdrgdranty dewrser). t hat
fl ows between the heat source side heat exchanger 24 and the user side heat
exchange(2) Gpe(ationeofdpedirf carditignerbet ween a bridge circuit 25 and |iquid
side gate valves 27). Faor exanple, a double tube type heat, exchan may

be ubdd. (2) OEafien dv Znendi 14 cOHER | BRAPALE NERE, 38 gee aperatiaag 14
(unen, 52000b P 56h 35 SRR bl i B5588h, ot o B7 (BIBIRYRY £
ook SC PSS ER] 2 ordf) BPSEEKD 140988 RHo08 e dFabAL he I
level detection circuit 30.
(A) Cooling operations
15 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,
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. |n addition, the
20 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
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
25 refrigerant at pressure P’ (about 0.9 MPa) (see point A’ of Fig. 14) will be taken
into the compressor 21 and compressed to pressure Py (about 3.0 MPa). After
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
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15 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, i.e., the discharge side of the conpressor 21 is connected to the
gas side of the heat source side heat exchanger 24, and tReMpKiZERE side of
the conpressor 21 is connected to the gas side of the user side heat
exchanger 4o L Uk 0 Rl V, si de
gate val vg"%w'ﬁ‘éﬁgﬁéwﬁ?ﬁ' és)g:ﬁra (%:ge% ihggt q’é@p(gﬁgﬁg(gllnﬁ\r/a vdéfasZ%déetrnte%%gggﬁgd,
and the apgrt@ eF Fij. 14)eTHE@ondeASe&Kgaldsiefiyeriil WhiShEdeRf 1© thdiusel epirguch
that the refrigerant pressure is reduced. Wien the heat source unit 2 fan,
t he user 6ruide bidf teshridgelcitdudt 285 andribe Siquid2iefdgeraat toatection life 6heThanhn
refrigerant circuit 10 in this state, gas 25 refrigerant at pressure P's
(about 0. theviryidrefigesanhthahis sentrtpdhe Lser wnits Sois rtegueead impeesshee dyripeessor
ressed to pressure P d Al ter IS

o s R SRR i arBin PV refee o politdy & Pivo 14b s hen dxshdages

refrigera nd,.t. o). (s of nt. , B Fl,0, T onpr.essed
refriger aﬁ%ag\ggh i'E&%%'Jn%'r irbﬁ\%hlgsé{}éqg%g{ g@él’%n@éﬁ% ggtﬁgg%%%%ggfedg&e%rzgt he
four -16 VA2 i Wi [ e ] r
air, and gh%o%dée)ﬁsﬁ:a%ﬂ%@?;e ﬂf)é(;iér??pé?étg? %%gr@?{@)@?é}_ﬁi_hg %@ﬁgeﬁggﬂ fIpllﬂ%qlc}lﬁ%
refri gerapbmpirédsdre2sevi the vefeig ekttt Sonrfectiofielive &7 he dgeir civagui

f bmipiressd? b the e t Sonrfectiod tded e doe t
25 and the liquid refrigerant connection line 6. Then, the liquid
r ef ri ger anwitthiag vadve 28t Int thig way uwseling opesat®nssvitl ddugerdorrmedr essure by t he
5 user side expansion valves 51 (refer to point D of Fig. 14), and then
exchahyes(Bhidgpting crerati®isr air in the user side heat exchangers 52 and

cvaporated (1 of R oMl niiubbe i pet oo, SISREIT S kB o
line 7 a”ﬂn% %%rfv\gév i\)gﬁr{lgyﬁ‘@ai\f‘ehéé‘% i\ﬁathﬁestgt%-sri@(ri By Ehé/"p}’ol&?ﬂldé%gipﬁ‘ﬂﬁr?t 1 Ons

wi |l be pertorned. “Heat'1'ng operations eating operations Wl
be descri hgdth&diddharge aldesf PrressthpRisSor 24 he chAEcteatoInbigHY Sidle \GEltNe 23
Is in the state showmn by the broken lines in Fig. 1, 1i.e., the discharge

si de of tbeecsidy ¢eadrexthangeso 62 @nddteo irithlee gide sifdibieotomipeessor 21 is

15 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

side expansion valves 51 are opened, and the apértures 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

20 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

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

25 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

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 vaive 25a of the bridge
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user side heat exchangers 52, and the intake side of the conpressor 21 is
15 connected to the gas side of the heat source side heat exchanger 24. In
addition, the liquid side gate valve 27, the gas side gat valp% ﬁ8 and t he
user side expansion valves 51 are opened, and the apertu P e heat
source side expansion valve 25a is adjusted so as to reduce the pressure

of the rerthige528hd tNEh BxERSndE RedtBlith OBIRIYr ot ACMEtheH s'oﬁré@!s‘nélg%@éte

when the heat source 20 unit 2 fan, the user unit 5 fans, and

conpr essekcRdngére24cindagesporhti?l. gdkhe eeapdtsdighswelrigarant iskegainntakehhe
conpressor 21 and conpressed, and then sent to the ol separator 22 in

order fointohheocdmpressyes?t ofa itherfant way switchingr waled. 23.Afnt etharhwords. he
conpressed gas refrigerant will be sent to the user units 5 via the four

way swit é}ynng heating aperatiens.rHBe gekigesant F@@?eawﬂl @aﬁﬂa@cn 98 9rdgeshowndan, the
25 t h h

Side heal r;%h?ﬁ?ge%@%té’lwta?ﬁs,“ﬁ%haé?rs%@n SRERAET Lo Thidut fevelBetger ant
i's sent Hgnhg%oo'ﬂﬁ %Pé&f&% u {m@v&é éégﬁngfl’gﬁfe;{aﬁ?rﬂsg\n/ﬁf(lﬁ’é“ﬁ% ﬂpéé! ve 51 and

the |iqui fri connec ron I'rn I qui rgerant
sent to {OPReAR ergﬁt.lf;ﬁ:@r bpérdtidn reduced in pressure at the heat source
si de expansion valve 25a o the bridge -17 3 May 2006 circuit 25, and then
exchanges heat Naixt,hFigst d!oand aidr walt bekmnbte@feds‘ooudesr,rmedthdﬁeaerat@mcwaager 24
and evaporated. The evaporated gas refrigerant s aga| n taken into the
conpr ess&efrigerantds chargesintavtye B\ain eafriggrapdicireuipd0. I'n ot her words, during

SR LSSl o Rgel A @?ﬁ@c;m )
bo LiY?L?rﬁécrh%“%rﬂ%ef&‘*@eu?%nﬁP% ?@éﬂgé&@h@ SR oA RES N
be enpl oyedn traffiRISH &?cdm?o@rﬁ)?ﬁiu@@té’t@ ANE trfeeiéma%wlbsltﬁe%mﬁﬁbnato the

main refrigerant” circult ) First, the configuration of the main
refri ger antcariditarigr 90 \neﬂnlget‘;mtpé @haq;ed intothHehmasrarafrigemnnt gircait 10rfraa t hat

during cooling operations. Then, with the E
the exterior thereof while performlng the same operation as the aforementioned
15  cooling operation.

Then, while the aforementioned refrigerant charging operation is
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

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

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

25  receiver 26 is low and the liquid level of the liquid refrigerant does not reach the
first predetermined position L4, gas refrigerant in the saturated state (see point E'
of 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
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main refrigerant circuit 10 in this state and in the~same way as the
conventional air conditioner 901, refrigerant is charged into the main
refrigerant circuit 10 from the exterior thereof while p§ g%ﬁbpg t he sane
operation as the aforenmentioned 15 cooling operation. t he

af orenenti oned refrigerant charging operation is perforned an operation

wll be BSB(I:%@:S’QLJHB ol %geﬁwgéra‘w%néédu%%n@%h%? %Z(Jsr el?ﬁmﬁ@? bf ﬁlq d

| evel detecfion circuit opene a portion of 't rigerant

drawn oub)f riHe tdagersd el eHdtwWiRBhases stdte Wil bxéhgndeeReatiRith e réfiigeRimssur e
of 20 the'refri gerant I's reduced in the pressure reduction nmechani sm 31b,

the ref thadtoave in theheatrexkfrigerahe cheait 1 @dmuee IspecificalBi between tlesrpedgeur e of
the refrigerant is neasured after heating, and then the refrigerant is

retur nedftrgl:]l!hl%b' and aﬂb@f @nu@ @ﬂdQ raateonplves2é) and heatedebwviber heslingt he
t | d

the % quimparansm ot e (xee bl B tiBg@) abiusidBe RhideTantIn thestwe phegs "

predet er @&R&%ﬂ‘]&é g»)e%&cf 'fmﬁ%&ob?%“b?@r QtpcSut' 5‘%‘{(?2:\:} 3§Fn§ee §fe ThAbEsé e

poi nt E I'nto I qui fon crrcurt 30.
Thi s gasabshfnz%)aéﬁd gvadeld iR fh%détﬁ)%?héé‘teerg%%sé{éfé to pressure PS by the

pressure reduction nechanism 31b, placed into the two-phase state, and

reduced in tenpgeathisce wihepmhabliguid 1e1\8e|3)flvh¢ liRQQP réftigetant abache S the first
tenperature reduction of about 47C)(see point F of Fig. 2). The

refri ger anedetarmimed: wositions &.1sohttbewrddeivwic Bénged hbawidwrefrigerantr &f rthger ant

that fl t f t t f |

the bR ABBUrBIach BIEte 48 thdeedivel P8 QNS MiE tGRIRAIE) SPjowid HEHEa0by ( he
PeSt 11 SBEENE, BTV B, B She P LS e

tenper at ?‘c% e{&ﬁrchﬁ'ﬁ Qbut ﬁﬁaﬁ?ttol%l u?nﬁ’@l(?cfﬂnb%faq h?etﬁ#’cﬁﬁirnh%?tzﬁ%&as

state. en the Tiquid level uid refrigerant reaches

the firsyze @B(gdétpifrﬁ'ﬂ Nt FRPS2 Y b Reducif thé préfuee YREredh tapleddurbirl’ by
refrigerant in the 10 saturated state in the receiver 26 flows into the
l i qui d | evednsdef ¢oe ippessurecreéducBOn mechanism 31b and the occurrence of flash

15 evaporation. 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.

20 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 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

25 that the liquid refrigerant in the receiver 26 has not been stored up to the first
predetermined position L; when the temperature increase is large, and
determining that the liquid refrigerant in the receiver 26 has been stored up to

the first predetermined position Ly when the temperature increase is small, and

then ending the refrigerant charging operation.
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(see point H of Fig. 2), the tenperature of the gas refrigerant wll be
rapidly reduced from about 50C to about 3C (a tenperature reduction of
about 47C)(see point |I' of Fig. 2) by reducing the press%%h eof to
pressure Ps' by neans of the pressure reduction nechanis g(ﬁrqpthe
occurrence of flash 15 evaporation. The refrigerant in the two-phase state
will Q@fSBchQVcﬁ@%@fer%ftrcsTo'?ﬁwé"ﬁﬁ“doﬁﬁrtiﬁﬂ@han' sm 31c (see point J' of Fig.
2) . Thus he refrigerant in the two-phase state will capture the |atent
heat of vapori Z#id aiv endifioridrhérofetheppresient embiddiment, antl partichiatipethpoi nt
at which it entirely evaporates, and the tenperature thereof will remain
at about ligaid Ie@emr:hetrectrcrherrburqGDdha\eeme tdlowing spegak charactzoistics.l use a

| ar ge terrperature i ncrease durin in_the Irtaur d_level dete tron

heatin
circuit 30 whed™ hEhe rligyid glevghtd e%tr%r Cr”%“tthé Or eaeabler obgneasyiing Hbegas

ettt Ger anmoetaes PRing roffRREL LAt BRI Tuf HroriteDRE b PER b e o1

refriger gt hQar%cggf%rﬁh ﬁ'%?g:rggs&%t BbR %P hteaflﬁg |Eeprb\/ Hdin” fHd | gger ant

in the recelver as not Deen store up to the st ‘prede termne

posi ti on dohdwamr the WieHTBes ki enisteBsalse trr@avill deda |gigleeingigdsedint hat

the liquid refrigerant in the receiver 26 has been stored up to the first

pr edet er thad¢empesitureof the réfegetand dueriperastingewhec rtlwsefrlgeramsdrlawnamm t hen

ending the refrigerant charging operation. -19 3 May 2006 (3) Specia

char act er‘ficgﬂrtbg receivee 28 is iBothei §avstateTRad afrlrerwhm ||'6Hl§|r Stﬁt%fthﬁh@e% esent

enbodi nent rticylarly the ui,d | detetron cr cui have

Che i1BI | Ghiergy SpBapaicaing wll b Boppudiéa(ag it FeaiwatmrAio dnd s

circuit t retr dr awn
m%ﬁ%r%a\&ﬁrbé a¥md] ﬁ’\%‘l’éé&-‘.gln {38 teﬁ'r ?5@% Bk p{ﬂéﬂagé&% ok tgg?é{firﬁg

out fro I'rSt predetern ned posi ecel ver
pressur e thefHGid 1RVcPAsteRSH icitBuit SORERY HERmIME {H2E tihé liquidaRfiddranels det Wth
this arrangenent, because there will be a large increase in the

t enper at wteredfup tethesfinst pesdeierninedtpositiat Lnof thieeeceiver Qéfwlnejetl'aare islmawn
out fromthe receiver 26 is in the gas state, and when in the liquid
st at e, tHargeeditcrease in refrigerant temperature, and can determine that the liquid
15 refrigerant is stored up to the first predetermined position L1 of the receiver 26
when there is a small increase in refrigerant temperature. Thus, even under
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
20 30 can determine whether or not liquid refrigerant is stored up to the first
predetermined position L, of the receiver 26, the r:jetermination accuracy thereof
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

25 temperature reduction during pressure reduction.

(B) In particular, when the refrigerant to be used includes 50 wt% or
more 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
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10 energy due to heating will be consuned as |atent heat of vaporization
and thus there will be a snmall increase in the tenperature of t he
refrigerant due to heating, the liquid |evel detection CII’ LZPBB can
determne that the liquid refrigerant is not stored up tg

predeterm ned position Li of the receiver 26 when there is a large

| ncrease g iR dighitdHo tt?é&ﬁ%é‘t@"lél% Witk é%ﬁ\ﬁé’ﬂd‘%hghﬁb%c{nhéﬁthb%dd{%hd 15

refrlgerant Is stored up to t rst pre eterm ne position L

receiver iRéhe \Mﬂéébdrbﬂirﬂha@yac}ﬁmbt thé ebRasRsativn &impat@et (neamsorat) wre.
Thus, even under conditions in which the refrigerant drawn out fromthe

recei ver 6 refrigevanhein thd thesttesowas sidat deatnekananger pRvasduritgatealing
produced during pressure reduction (point E to point F of Fig. 2),
because OREraticns and eefsipetat ShETGRI CPeFatians20 Howeyeh enarewheRdhaboNer or

of ths T bt Gppdgingrehinsraftt aRaired: dir leyRineleBiec @ onan B eabed
conpar ed %?eorﬂq]ﬁé' thg mgﬁ?%tdr%enc ?rllqﬁ}’oeiev%‘f’ta‘?ctﬁ%qnstFé&Httérmlﬁég s

used whi C ermn er or erant i s stored € first

pr edet er MoRRBAPAS! ¥ Oﬂhe'—]re@élvbPeZS eﬁﬁhV96086al§&’ur'§%?”be@éu§é‘eth%' FRafhgt he
25 tenperature reduction during pressuré reduction. (B) In particul ar when

t he ref ringsstamisrh @ leds yseddedcherdds 50 wt % or nore of R32 (which is
simlar to the R41 OA described above) as the operating refrigerant, there
will be tinmes i(@)whiadditioe, pvmeﬁf@loﬂrc B slR22 earef used,u godler l:en@ltloneannot be
determ ned wi th good accuracy by the conventi onal W%@I d | evel

2306 1Qet é‘d’lt"i*bﬁp@'fc’r‘t&ﬂst a%ﬁeﬁﬁﬁ'ﬁﬁﬁs\’éh%é% %tcmorb@rée eratkre IS H!Q%'!Oﬁatji on of
t h d

o eeb ot hoshSalidy BieRialfs B NELREgORRt i anh D OREE it theat .
exchangery, Eﬁiﬂﬁﬂ et |§%gh”@hge°%%*”é OVG&@Q gﬁéeﬁ%rgéﬁ&?tas%%ﬂ' B410A is

oper ati ons ver, h the” operating refrigerant is

to be usegedt (Wl |d(ﬁurdahévﬂierde¢vﬁptbleoﬁ ligiuiténddhoyaror ded eddterpination
presence or absence of a liquid level at the first predeterm ned position

L, of thaecrecsyver wbrsent withotib aooveationd eliguid elevele detattiong cirawit H2330,sm 31c
's provi cllaee(cj:af,lgeeraesl Qhown in point E of Fig. 3, the position of point E in Figs. 13 and 14
will move upward and the inclination of the vapor line near point E will be
leftward. However, even in this situation, as shown 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 31¢ of the liquid level
20 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 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 éan, like when R410A is used,
25 detect the presence or absence of a liquid level at the first predetermined

position L+ of the receiver 26 with good accuracy.

(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
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(© In addition, even if R407C or R22 are used, under conditions in 10

whi ch operations are perforned when the outdoor air tenperature is high and
t he condensation tenperature of the refrigerant in the heah I\zou\%ﬁ si de
heat exchanger 24 is high (e.g., 60C), the same phenonenoit '48Y @ﬁ R410A
Is used will occur, and there will be a slight tendency for the

det er m natd APeradGreli 28 dain¥oefde W th the conventional liquid |evel
detection circuit 930, 15 bécause, as shown in point E of Fig. 3, the

posi tion ¢f) Moedificafiomnn Figs. 13 and 14 wll nove upward and the
inclination of the vapor line near point Ewll be I|eftward. However, even
in this situatidhe presshmweductiBhgmeghabisonwddd shprovidathér sheidiguichievedse
after heating of the saturated gas refrigerant (frompoint F to paint G of

Fig. 3) byelaching @rcuitndd paaherdPwetreain sle of ﬂa)é opge/qlogfmeghapism 4 a,

R e R e
mechan sne. BRASH TRt 130 AT BEkoson oo BB rageR] T PR AR

(an incr efifRtibheNas 3 presdirk. rédifctiohdiicéhbaiseh A ehdditibA NtoC the Wgendélosan,
| i ke when R410A is used, 25 detect the presence or absence of a liquid

| evel at triezhbnissh Preed€hersamedeffeuisids dmodg wdfent tiee rieo@ Jevel 26etectibn good
accuracy. (D) Furthernore, the heating nmechani sm 31c can stably heat the
ref ri ger afirGUib3@ a% pEovited paabereptaineddnitsisn ndgutipnrasawellxchanger t hat
uses _the iéﬂui.(?. refrigerant in the main refrigerant circuit 10 having a
rel at 1%el (P)dYIgd¥figation 273 vy 2006 tenperature as a heating source. (4)

Tquid Tevel altecrandietiieh S FAAHRE Fiie IR YT e Beldl oo
mechani sm:3d&t 80%{%{? ﬁﬁgégg%myof B ﬁéé}-exﬁhaﬁ%éﬂ et dise8 VRl FATRGE M o8l 4 CUl T

130 may be use pass circuit 131 that includes an open/cl ose
mechani smhéatlsolinaal heweover, drhowonis Rig. 8, aligaklleeer dstectiowrirowit @30irmayi n

addition to the open/close
be used which has a bypass circuit 231 including a heating mechanism 231¢ of
15 a type that heats refrigerant by means of an external heat source such as an
electric heater or the like. The same effects as those when the liquid level
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
20 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
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
25 circuit 30 is provided can be obtained in this configuration as well.
(7) Modification 4
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
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mechani sm 31la. The sanme effects as those when the liquid | evel detection
circuit 30 is provided can be obtained in this configuration as well. 10
(5) Modification 2 The heating nmechanism 31c is arranged igH Q?Obhquid

| evel detection <circuit 30 and is conposed of a heat excﬁ é at uses
liquid refrigerant as a heat source, however, as shown in Fig. 5 a liquid

level detRehibon whiERYids 330 HY ciP&iHa§¢ amuemgwa%@atmmhgbrsmm%m

i ncludi ng a heating nechanism 231c of 15 a typ€ that ts refrigerant by

neans of campdeer ofila heat eschirerstal ugss ajais RIfEgérant diseHRge@ frédmehel ke.
The sane effects as those when the liquid level detection circuit 30 is

provi ded coarprbesabfai agd iheat Isosrent higucatifigumation e Islighily)infebidr ftocthei on 3
The heating nmechanism 31c is arranged in the liquid | evel detection 20

circuit 3624A8 MechamrpBsedca tenkigiid daveladriertiemsircui ) thajuises Bavidger ant
an eng ndeTrga A el Sopre i kibPiny of Vight et AEthastie BT BTt oG be-

used Whi ¢hohas & BYRRSSIGIEH! hoetPLs ALMMH SodBSRd ARCAERIAYSH Fale

that uses t exhau e engi ne. e’ sane e ose when

the 1iquicknegsord @ e@ndoffon? thé igdinti bf W SfPstaNiedREatdy) bRoRBYAHNRE in
this configuration as well. (7) Modification 4 The heating nechanism 31c is
ar r anged conntbior isggudnte \beltwden dhe ippassurerredutti®® nechdarismdinaed e a
heat exchanger that uses liquid refrigerant as a heat source, however, as
shown i n heiagingmeehanigmi 48 1eoklhisicoriiguretioris oot imied, arg canZipNyth2006 be
used é\hi ch hgs a b&/lp ss circuit 431 including a heating nmechani sm 431c
conpo¥ed SHFUA CRBEGUIAIORanger that uses gas refrigerant discharged from the

conpress t source. This configuration is slightly inferior to
Thacond Enhetifeat

the hea c of the liquid I evel detection circuit 30 that

e A Lk P e T
sour ce amrcdit Iohanlgesrold® 4 Higst predetermined position L, of the receiver 26 that
corresponds to the refrigerant amount required during refrigerant charging.
15 However, in order 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
level detection circuit 30 may be provided at a second predetermined position Ly
at the apex of the receiver 26.
Furthermore, an auxiliary liquid level detection circuit having the same
20  configuration as that of the liquid level detection circuit 30 may be provided at a
reference position Lg in which liquid refrigerant is continuously filled on the
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
25 501 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
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
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conpressor 21, and fromthe point of view of stable heating. However, the
connection sequence between the pressure reduction nmechanism 31 b and t he
heati ng mechani sm 431c of this configuration is not limte
sinplify the 10 circuit configuration. [Second Enbodlnent?“4 a|r
conditioner 1 of the first enbodinent, the liquid |evel detectlon circuit

30 only péd?ifig@n‘?éth@n {Hdt 34 Y §e%beds”i‘h@?8f ﬂf?esl'iddl@'ib\}el defediidp diRe®i 3Eand & t hat

corresponds to the refrigerant anount requifed during refrigerant charging.

15 Howevest therbadtome bottiorilef theveseivehgsher or not the receiver 26 is full of
liquid, a liquid |level detection circuit having the sanme configuration as
that of the |igi$ dshowmawvél Fiet @ctheotiqeidr lewet deteatiep Gecuil 690 dedccannestadcond
predeterm ned position L2 at the apex of the receiver 26. Furthernore, an

auxi | i ary ¢twsandthee§eq:omfétpé%¢¢t§rrnmeldcm>$lh%\hzn@t theeapaxef the r@&ﬁfve@&fbt i on
th t f id | d 3

?Zfer ncg 'E)Qs)gﬁ‘? Rsﬁd??ve ﬂ&‘ﬁtcl%%gg ((?:la 16t8fja|ﬂienﬂ¥e E'SHEH%Y scij‘:i;gﬁt"‘i'qaq ed on

the bottageuﬁlpﬁé'eghawfaﬁt rsﬁ@'ev&ﬁtff&ntwerracé.%%; t@% Qp’qubf‘ Fig.

8, the configuration o erant circu urd

llevel detggd heBt Hd Feftiferiht Chn@mhen fetgﬂﬂ@hé r&gErant 2o 39d miaké rswé)bfzwt
enbodi nent Is the sane as that of the air conditioner 1 of the first

enbodi mentomprdssar 2fleHears, hamoted pbovs, thel sedond predeterntinad ifosiiver L5601
includes a liquid | evel detection circuit 630 having a configuration that
is the steeregsivenb tof whish thiedisuid |I@Aeé|demt@@t¢lmultc63Qm coEed is haat t he

R TN B MU ML SR MR TR Lt s
e 1L S O, 5 G e T 0 RO AL
oo BNk 00r A B A BB ERON S0 ket oAl (e

liquid | eg® ift#lidingiamopen/close mechanism 631a, a pressure reduction mechanism

631b, and a heating mechanism 631c, and a temperature detection mechanism

15 632

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

connected between the reference position Lg on the bottom portion 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

20 pressure of and heat the refrigerant, and then return the refrigerant to the intake

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

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

25 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

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
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circuit 30, can draw out refrigerant fromthe receiver 26, reduce the
pressure of and heat the refrigerant, and then return the refrigerant to
the intake side of the conpressor 21. Here, as noted above t[he econd
predeterm ned position L2 of the receiver 26 to which t hed Maé{ 499 evel
detection circuit 630 is connected is the 10 position at which a liquid

full Stafo%té’étiohﬂ?rd@@,‘g’szg@n%‘iﬁs Iihl%@ Lhd i |i%§ﬂﬁ%§é@é{lfﬁ)r%éﬂetﬂhgﬂ L,

can be detected (se Li ke the 1iqui e lon circurt 30,

the |iquiohel siyiposeeteetharweidss yhé RXiarptigurerval BrRasidncdifcit $30 G:3%

i ncl udi ng an open/cl ose nmechani sm 631 a, a pressure reduction nmechani sm

631 b, arie bypasd cincuitrb8 hamilsding3te pressute aet ecther miegchanidat 631 b @amdntehani sm
15 632. As shown in Fig. 9, the auxiliary liquid |evel detection circuit

530 is d&eatiegt BechaniwsedIte (heverenchepopen/adesa meehanismbdilaoangdoat i on

f th ' 6 d the intak id f.th 1 d like th
i qui 5 1 BREIOn e 82 | BiescbAIES 300 ESHH bl BB OYBFT Juickf 31 oANENE.
[ f d heat th fri t, dth
recei ver téﬁpghﬁﬂgﬁggﬁ?&ﬁ%ﬁ@%ﬁ%%ﬁ and hea e refrigerant, an en

return thé side of the conpressor 21. Here, the

reference posi N@ Eg. ofwilllfe é@?gdyé?i;tof(ﬁeéﬁibe%bofd}ér%ﬁ bﬂﬂié'lliduﬁuﬁ%vel

detection circuit 530 Is conne e positi at which I qui

ref ri ger aetedt®ncerduite By B3P sidtredaoxiiaydigud fevel détection rofreait\630 @ahgur i ng
operation (see Fig. 9). Note that, because the auxiliary liquid |evel

det ect i omir26onditionét 5830(wherusdd Ot ist heed ;asethe wperatincheefriggand) deviep
detection circuit 30  (described below), as shown in Fig. 9, the line

port i8n refrigeram chasgipgpesalion.cuit 531 of the auxiliary liquid |evel

d ' [ ' 30 he_i Kk | f he. 21 i

Charod, The optit ePasb b e fpse o d\dlfSiany i ofine WG EHE] Ba%thel" '°
i on, ; h ; ' : f ld AU l4he2d 3

Vay 2006 TRETL T oa"cpPERTRnS P DeTREMPRNEE; dhich Prald ot BBltorsFEEanel

be used fefrigeeart ﬁ@ﬁﬁhe%@g@éﬁ\l@ﬁ@t prédéteRfmedossisition N addxinel @férenicaui d
| evel detection circuit 530 has the bypass circuit 531 including the

pr essur e posifioot Lerofnihehesteivers52d, bedundst the phessurengf nbehmfiigenab8io the

( hovv?g/ e ’préshselJrgprgg{Jgtligr\S %eﬁ%ﬁ?s%g @1%?%3%%? hgats the refrigerant in the heating

mechanisms 31c¢, 531c¢, measures the temperature of the refrigerant after

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

20 receiver 26 is low, and the liquid level of the liquid refrigerant does not reach the

first predetermined level L4, 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 fro?n about 50°C to about 3°C (a

25 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. 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
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5 portion of the lines will also be used with the bypass circuit 31), and a
tenperature detection mechanism532. Next, Fig. 2 will be enployed to
describe the operation of the liquid | evel detection cirg#$fs&ﬁﬁy 630 and
the auxiliary liquid |level detection circuit 530 of the 6tioner
501 (when R410A is used as the operating refrigerant) during 10

ref ri ger ant LafALASERCIIHON: JPFgPeNAl fdWe iNBCIHe ligs [ReNaelaionla of
the liquid |level detecti clrcuit~30, an operation w be perforned

whi ch dr aveul B3 By rahkinyg thd predsete iof ¢higniquid esfripbrantespresswre PJ' iyt
predeterm ned position L, and the reference position LR of the receiver
26, redudks pirmtneeewcntwmmetchamsm b8 blerthnttenperalure bf fiveekiguid eefrigeanti on
mechani sns  31b, 531b, heats the refrigerant in the heating nmechanisns 3lc,

531c, meaWlirapidnseduendiom RaoubEY Rela abpuyerGra iareratufgatadustisy ehe
o el b A7EGY! S%% Hﬁ@“i“oﬂfé?@s%r T3 et d dhe Wesenes sirguriTor

the i qui r I|qU|d
RSO T A e g S
level L1,100a8d rvﬁfifl rbegﬁéaﬂ,id bV th@%e’%@h@ﬁﬁb@ﬁaﬁéﬁi 53ﬁ§‘%§eé’%’oﬂ¢t F ofdfig. E?g 2)
will flow therein. This gas refrigerant will be reduced in pressure to

pressur e Thais, bihet hefrigers uine thee dwotprasemstdianwilimcdpture wihel [atenplheaedofi nt o
the two-phase state, and reduced in terTer ature from about 50C to about 3C

(a 25 tewﬁ@pai@m@ ped furthenewipamata, bul wil) pelereasbhithe printat vhigh itgntirgiye

e eh R Peh nd e RIS SRR el e SR, S TR T e ' "
t h t

| nor bace 0t bettbin BPuisnferabl SEREOH 1ot b8 MRt R Bed BESRER e
ot her haqu Zf'thG%E!eifvéf QBQ@rrﬁ{;ﬁ%HﬂHan%ﬁege@&e%’t@%oﬂﬂ?e ?éﬁ:@é?érﬁchrﬁ%t&t( IOOI nt

H of flowinto't I'1 qui detection “circuit 530. By
reduci ngftdme theessoreticefl podition | L of dhe afeceyer BE, ared i ehsunayPit' cdwy bet he

pressure reduction nmechanism 531 b, the tenperature of the liquid
refri ger aletermined that the liquid level in the receiver 26 has not reached the first
15  predetermined position L.

After this, when the liquid level of the liquid refrigerant reaches the first
predetermined position L, of the receiver 26 and liquid refrigerant in the
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

20  reducing the pressure of this liquid refrigerant to pressure 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 (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

25 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. In other words, the temperature of the refrigerant drawn

out from the first predetermined position Ly of the receiver 26 is the same
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will rapidly reduce from about 50C to about 3C (a tenperature reduction of
5 about 47C)(see point |I' of Fig. 2). The refrigerant in the two-phase
state will exchange heat with the liquid refrigerant that flows in the
main refrigerant circuit 10 and will be heated by the heaBiM8Y #88Bani sm
531c (see point J° of Fig. 2). Thus, the refrigerant in the two-phase

L, 4 onaUIRUIE S0md el ofRRH F4 AL ASHBETL SLRRY 2L

t enper at ureReiVegr 28 andl lih thyTiay AtcaAPoat d@t@rmidbooiﬂbqrth\éoﬁ(ﬂﬁd leVERn the
tenperature of the refrigerant drawn out fromthe first pfedeterm ned

posi tion reckivelr 2thieas eeaiheerth@birstspredeteeminddipositientlgmper at ure of the
refrigerant drawn out fromthe reference position LR of the receiver 26,
and in this wayAstdesaribed abiever bynpewviding theeauxkitjaiyd lineidelevieh détectiemei ver

26 has_ not, reag?s&\ﬁé{he first redetermned position L1. After this,
When the PGl iy et R Gl oraan éértﬁﬂt“gld?a@’{@ﬁdﬂ?fﬂpﬂr%'ECU't 30 :
d t he 6 '. t
Ot ur at e o Gt popfilineg oo 1k Bt dhEc kPt posfEnabr 2ol doud’ of ©
Fig. 2) flgm era'n'f‘tlg?,%cnﬁg{u%ggl' r@g in! {I'Eag rébdifer 8, q t{@lh‘g:feffa dr@“bidtllngve'

det ection C cult UCI ng pr essure’ O

ref ri ger afdfrigerapt €56 eredeB@ctéWbWﬁﬂﬁmsOéf d4th tePiRSBtITE deREbtidr mécﬁaﬁiwn sm
31b, the tenperature of the refrigerant will rapidly reduce from about 50C

to about 3Z W3 of the hweo tiquidh lerakcdetettion airbuite 38p68aL andh thie ligeiderval care
reduction of about 47C)(see point |I' of Fig Rl The refrigerant in the
t wo- phfasebatdgtacigd| by b‘é’nﬂié%l'ﬂ&jfhﬁ/ t‘ﬁ@ﬁﬁéat@fe phd ﬁeréfng@aasdﬁgqqm@m
(see point J' o

) .. h
Wt CaptErperAure . feieelioe eghalsRL e 2ap ol eantliant fgkice @&iscﬁ%tsgﬁcﬁif

il t t t
I o e EES0 R byl il B BL U U B BB icted
t enper at ube tid téBefAlifd B81c¥fibn tha¥Manisrwt 35 'bﬂ%bh%ﬁd el RIRESISH Birdae
position L, of the receiver 26 is the sane - 06 tenperature as

t he refrlmrade driave) the gresemdeheorr abeeameofp@snmum Iéfélot—;ahhbe easiy ver
26, and in this way it can be determned that the liquid |level in the
15 determined, and measurement accuracy can be further improved.

In addition, the reliability of the refrigerant charging task, as well as the
aforementioned operations, can be improved by suitably opening the open/close
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

20  the receiver 26, and detecting whether or not the receiver 26 is overcharged.
[Other Embodiments]

Although embodiments of the present invention were described above
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

25 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

devices having a vapor compression type of refrigeration circuit.

(2) In the aforementioned embodiments, the present invention was
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receiver 26 has reached the first predeterm ned position Li. As described
above, by providing the auxiliary liquid |level detection 5 circuit 530
havi ng the sane configuration as the liquid |evel detectig?w&kﬁgﬁj 30 in
the air conditioner 501 and at the reference position LR i i qui d
refrigerant is continuously stored in the receiver 26, the tenperature of
the refrg i 1 HBALS- 10N
mechani Srﬁpﬂ@%ﬁﬂ%gﬁﬂ%y%ﬁc&rp@ﬁﬁw 8 I evelc@&gf%%cﬁ@@ﬁ?%ﬁ gegggsg%dg and
t he |i quiuhif iBverhploged10Hb@edet, ¢hé gresontdav@siomaalyhalisd eepasplicdr © ah dihme
refrigerant detected by the tenperature detection nechanism 532 on the
auxi | i ar yeondéiginer liewshichet wateropooled rtype tor 380ice storage fypeebbheatepumdiet h t he
tenperature of the refrigerant detected by the tenperature detection
mechani sHMASGMRIR¥eH; qui d 1 evel detection circuit 30 side. Thus, the

Teasurerent acdtl HLy & aPTB I PPRG S Th e T i vsh BefidoRgtadl | ¢y
of the 1o baRARl S3CabNAA)8S e BolEl At NergeANSTRIN 8o the

operations, can be Inprov y surtal openi n en/ cl ose mechani sm
631a of tripet | praditbrhfiyed posiE6HT O fHe CreickiveBOwitHettRe MpPéditiré heed itRmENCE
or absence of a liquid |level at the second predeterm ned position L2 of 20
t he r eceimech&ismandndetleat | mgptwiiee hesfrigerambt withe thecbesting 2fhdchanism.
overcharged. [OQ her Enbodi nents] Al though enbodi nents of the present

i nvent i orrqweerd&s ity ccaifigusatian yeiich fwats Hae freffigersnt mith dhe digationg
configuratign of the present, invention is not Limted to these .

enbodP meAvechariieme sRHbeRdaHHFEs e PrFsUte tarso! ik heoREeSSHEE rediictioar
fromthe SeN6G of. .t I Ny on. t a 10N e i gents,
t he !oresenﬁ‘t§ mv%@ti'%n_g\%gsrbogs%yl?'e;\{%r? a‘kr’ﬁéi {rh?%ozr:\(grﬁrﬁ[g%fégr)r? ﬁ'?}fe rrrm;g{ja So be
appl i ed tgoingritidrild badodimeRts, 46y IieARI A MBtEYARGEN CARPEE YErinfeype of
refrigeration circuit. (2) In the aforenentioned enbodi nents, the present

i nvent i orbewasse 2Re IevperdQod ingrebsedusot@theaheathog dhédrergsmi willvie ¢drge
so-called air cool ed type of heat source
when the refrigerant drawn out from the first predetermined position of the

15 receiver is gas refrigerant, and the temperature increase due to the heating
mechanism will be small when the refrigerant is liquid refrigerant.

(4) In the aforementioned second embodiment, the liquid level detection
circuit was newly arranged at the apex of the recéiver, but a configuration is also
possible in which a conventional gas venting circuit arranged on the apex of the

20  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.

(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

25 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 detection method that is identical to that of the first embodiment.

Industrial Applicability
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unit is enployed. However, the present invention may also be applied to an
air conditioner in which a water cool ed type or an ice storage type of
heat source wunit is enployed. 5 (3) In the aforenentioned enbodi nents, the
liquid | evel detection circuit is configured so as to redddday Be0Gressure
of the refrigerant drawn out fromthe first predeterm ned position of the
receiver with tihgnhgr i i chani : hen. :hea h
refrigerant with t hesﬁggjﬂg\?&nﬁ?ﬁaﬁqgﬁ]ﬁ ae\%ﬂlg%%&hrggwpsghﬁﬁd&ﬁ &ion
whi ch™ heaefrigdratiorfaiicyér mamingid kotfpresant amg al FodBrdiames BoilAp GridgaulLduces
the pressure thereof with the pressure reduction mechanismis also

possi bl e.lerglcdeiartion cirdit to attgratelyideterminkeviéther bheot i oiderefigerane
enbodinentsfc%he Iigyia | evel determ nation can be performed because the

t enper at ('SP txadradetarminasrasition of thetareives mani be improvadge  when t he
refrigerant drawn out fromthe first predeterm ned position of the 15
receiver is gas refrigerant, and the tenperature increase due to the
heating nechanismw || be small when the refrigerant is |liquid
refrigerant. (4) In the aforenentioned second enbodinent, the liquid |evel
detection circuit was newly 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 20 receiver is used. In this configuration, a
circuit that is identical to that of the second enbodi nent can be forned
by sinply arrangi ng a heating nmechanismin the gas venting circuit. (5) In
the second enbodinent, the auxiliary liquid | evel detection circuit 1is
provided in the reference position of the receiver, and a liquid |evel
detection 25 circuit is provided at the apex of the receiver. However, a
configuration in which the auxiliary liquid | evel detection circuit is
elimnated is also possible. In this configuration, the presence or
absence of the liquid level will be detected wth a detection nethod that
is identical to that of the first enbodi ment. Industrial Applicability -28
3 May 2006
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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 level detection circuit to accurately determ ne whether_or not
liquid refrigerant is stored up to a predeterm ned positi% a1 2QUke

recei ver can be inproved. 3 May 2006 CLAIMS 1. A refrigeration device (1,
501), conprising: a main refri gerantCEAmgit (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
si de heat exchangers (52); and a liquid | evel detection circuit (30, 630)
arranged so as 1t oAbefriggrativre deficedr a0 h coutprisimprti on of refrigerant in
the receiver froma predeterm ned position (L1, L2) of the receiver,
reduci ng the pPeBiRdefigaraat cievit JdPanvhighdnplugdes g aamepresseref(21 yéhatnt |
measutrin rature of the refrigeranf,, and then returning the

refri 5ger gﬁH}{?Sgg%)gﬂgéﬁﬁ'gﬁr%@- Sfeh‘?%é %IséiesB??t ?’F‘FH@'\Q@F (Eﬂ)),@efwv%et her
aliquid ' A | t . r \tion. 2. The
et i ger 420 piah sidet Wy o TERdeTant Sl gt 3idk R SRR € 8

predet ermi ned pogjuid dsvel ldbtedtdn SFclin&0, 839) YeFarae®) sd oy,

whi ch gas refri ggjr ant or liquid refri ?erant )caﬁan%%3 psfdeggﬁ?%g%b%ﬂgaégmunt
of refr dgawiagtowta periamotf fefrigerant iretheheseiveaneesla preddltemivdd pasitishi on
device (1, 501) set forth in claiml or 2, wherein 20 the liquid |evel

det ect i oft-eilet 6f the 3eceitsn redwding 339 prasayre agdheiratrigedast and Inatisg ther cui t
(31,,131 31 31, 431 ving an open/cl ose nechani sm (31a, 13l1a), a
press ref?fﬁgﬁaqﬁom%b‘ﬁ Hnsﬁt?%‘?ﬁf?tug?ﬁf e, effigataneend themretaming t?aslc,
331c, 431c)-: : receiver (26) with the intak i de of the
corrpressc?:#f }'?S%mtg%@qﬁﬁ%n%g‘ﬁﬂ ﬁ?%"‘&'é‘?é"‘é%% AN RERA %ﬁ?ﬁg‘é’;eﬁ]ﬁi@ iitidct s a
25 t enpefaueliretref rdcBfver 8 bi 87 Hal b8@oheated by nmeans of the

heati ng nechanism 4 'Ir'he r ef r@%e?gétrbﬁ'ﬁle%)gelgfggﬁ(l, 501) set forth in claim

3, wherein the heating nechanism (31c, 331c) is a heat exchanger that uses

t he
2. The refrigeration device (1, 501) set forth in claim 1, wherein

15 the predetermined position (L1, 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, 331¢, 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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-30 3 May 2006 refrigerant which flows inside the main refrigerant circuit
(10) as a heating source. 5. The refrigeration device (1, 501) set forth in
claim4, wherein 5 a heating source of the heating nmechani sm (310%! S
liquid refrigerant which flows in the main refrigerant ci8dday 2086)

bet ween the heat source side heat exchanger (24) and the user side heat

exchanger S : L S PRk kit y
i rou T (31953 MR ety 0S. TRE pRAh Rigp R RER, 10 BR . RREo
pressure ggraueti on nechanism (31 b, 10 131 a). 6. The refrigeration device
(501) set forth in any of clains 1 to 5, further conprising an auxiliary
liquid |level detection circuit (530) that has the sanme structure as that
of the liquid |level detection circuit %30 630), and is arranged so 15 as
to draw out a por tliténrefgerafion giavioe: (Ti KO heet foethi inelairos) whergm a r ef er ence
position (LR) of .the receiver at .is,.continuously filled w.th Liquid
refriderant evéh he\ﬁﬁ@ﬂ TPECE uH\e beating rmﬁg’?%{ﬂ?msd){rcédsi 'l'ﬂ‘{"iauerefr@é?%r
(26) has gh e i j : j th,i y of
a1 PHRAYY (inldfiaf Celnaant LRAUCE ) Repheen B hrflin) fhishd Redl

refrigeraéssch@hgawgﬂ)_(élrmtr@%ér@dé hes Qxcﬂﬁng]%'rsgzg?sﬁaon circuit (30, 130,
230, 330, 530, '630) includes R32 at 50 wt % Or reater. 25 8. A refrigerant

amount det ect i dherteddting @echamnieht Isg@ratgeirdthd bepdss cir@fil)3harangnaremai n
refrigerant circuit (10) which includes a conpressor (21) that conpresses
gas ref ridmyrsiream the fiowsolefrigerant thasathegxresamgeredugton ngchamismddébyer
(26) _that sttires liquid refrigerant; the refrigerant anount detection

met hd8 col@sing: -31 3 May 2006

6. The refrigeration device (501) set forth in any of claims 1 to 5, further
comprising 7
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
15 as to draw out a portion of refrigerant in the receiver (26) from a reference
position (Lr) 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,

20  wherein
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.

25 8. A refrigerant amount detection method of a refrigeration device (1,
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:
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a conpressor operation step that increases pressure up to a pressure at
which the refrigerant that flows in the refrigerant circuit can be

condensed in the heat source side heat exchanger by opergﬁw?glége
conpressor; and a liquid | evel detection step that, durin ressor

operation step, 5 draws out a portion of the refrigerant in the receiver

froma predet erd‘é:ée\fuﬁres%%?io Eangﬁ#étg{);t%} ‘cé:r%zsekf%rs{&%géﬂl%rup i@gt}ﬁggsé%gat

pressure of the r | geran ! gerant, ‘neasures’ _
refri ger ayiich eh® e&migerant tABETIGRSE ¢ thé AsfrivBRIMircuR'caR%e EBRdEnSBY M havel in

the receiver is at a predeterm ned position based upon the refrigerant
t enper at leat seasae gide heat exchanger by operating the compressor; and
a liquid level detection step that, during the compressor operation step,
5 draws out a portion of the refrigerant in the receiver from a predetermined
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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