15 March 2007 Patent Specification Refrigeration Apparatus 5 Techni cal
Field The present invention relates to a split-type refrigeratsi@h.n 2007
apparatus. More specifically, the present invention relates to alnﬁ od of
-setting and determ ning the refrigerant charging anount when a split-type
refrigeration apparatus is charged with refrigerant onsite. 10 Background
Art Split-type refrigeration apparatuses conprising an outdoor unit

equi pped with a conpressor, a condenser, and a receiver and an indoor unit
equi pped with an expansi on valve and an evaporator are well known. The
refrigerant charging of split-type refrigeration apparatuses configured in
this mnner has conventionally been handl ed by chargi ng the outdoor unit
with a prescribed amount of 15 ref ph@Rremdifidalo@dvance and chargi ng
additional refrigerant onsite in accordance with the Iength of the piping
connecting the outdoor unit to the indoor unit when the apparatus is
install ed. When the refrigerant charging anmount is determ ned onsite during
install ation, the performance andRefrigérptabiApptiytuof t he equi pnent becones
dependent on the quality of the installation and, in sonme cases, 20 the
maxi mum capacity of the refrigeration apparatus cannot be realized.

Di scl osure qﬁ IQ?TI vention The object of the present invention is to nmake
it possibl &°¢'8 Iﬁ%@s obtain the optimumrefrigerant charging amount by

meking it 99{?5116% Finpt%ti&h%fa%% t(g Qgﬁ)lﬁgﬁ g%frig%atgo%fahég% ?sa P or(te Q%é}iﬁt%cgﬁ’, the present

refrigeration apparatus requir the til e _ _
install ati @Rentiod rdaeMBIaCRetRR0S sethRE aA iSR! thO RerARPAE AlMSn A&kt B8 4 N
claim1l1l is equipped with a refrigerant circuit - in which a conpressor, a

heat - sour cgplistyge rdig@tation 65pangs s chargt€eRh XeigeraaloXpansi on val ve, a liquid
pi pe, a
10 Background Art
Split-type refrigeration apparatuses comprising an outdoor unit equipped with a compressor, a
condenser, and areceiver and an indoor unit equipped with an expansion valve and an evaporator are
well known. The refrigerant charging of split-type refrigeration apparatuses configured in this “
manner has conventionally been handled by charging_\the outdoor unit with a prescribed amount of

15 refrigerant in advance and charging additional refrigerant onsite in accordance with the length of the

piping connecting the outdoor unit to the indoor unit when the apparatus is installed.

When the refrigerant charging amount is determined onsite during installation, the performance and
reliability of the equipment becomes dependent on the quality of the installation and, in some cases,

20 the maximum capacity of the refrigeration apparatus cannot bé realized.

Disclosure of the Invention
The object of the present invention is to make it possible to always obtain the optimum refrigerant
charging amount by making it possible to charge the amount of refrigerant that the refrigeration

25 apparatus requires at the time of the onsite installation.



utilization-side heat exchanger, and a gas pipe are connected together -
and a liquid | evel detecting 5 means. The receiver collects lysqui@n 2007
refrigerant. The liquid pipe connects the receiver to the expansion valve.
-The gas pi pe connects the utilization-side heat exchanger to the
conpressor. The liquid | evel detecting nmeans detects if the surface of the
liquid inside the receiver has reached a prescribed level. Since this
refrigeration apparatus is equipped with a liquid | evel detecting neans, it
can be detected if 10 the surface of the liquid inside the receiver has
reached a prescribed level during refrigerant charging operation when the
refrigerant circuit is charged with refrigerant. Thus, for exanple, if the
apparatus is configured such that it can be detected when the liquid
surface reaches a maximumliquid | evel (Lmax), then overcharging of

r ef ri ger anthd migetien applmiugdesantied @i clomi t is edbpredwitbh e redeteatt edcuit-uintiiediror e,
even when the length of the liquid pipe, gas pipe, and other connecting

pi pi Ng cangraPrdseonne s ece- Sthf?eherﬂh@fﬁﬁfrﬂé@h ArFRRGITEL Of erzéflfrlingé"rlmwta leriy @P%gﬁ can
be obtai ned _easily by detectlgﬁ when a prescribed |iquid Ievg Eﬁ?

obt ai ned |W§izﬁfé’“tsl’i1§ Brd caihgRgen @ %gﬂsé’fﬁela&e@a‘fﬁciﬁﬂ ‘%E)‘Beafr aﬂ“ﬁé ligwd "r"e]b‘ Ci‘

claim2is ar eratl recited in t he
i quia T evaret dor ke s R AR Pl I Eh R S B Pefiver €0 BHBETA ur o
detecting yllRa }?e%?19@8%91@&?&19hﬁ%h&mﬁ&%g SAMARE LS €l Sind mf—np'; c&i mggq@ia%vahe

suction si npressor a I ncl udes an ve an pressure

reduci ng np&Rasy Séhns Eﬁﬂ&tsﬁ?ﬂﬁ@erﬁkwfﬁhfdﬁ;hﬁ%dxd%ghd@@%r ha@ eeta@&eas pleB@ibed level.
tenperature of the refrigerant flowing in the bypass circuit. 25 Since the

liquid |l evel detecting neans of this refrigeration apparatus conprises a
tenperature -2 15 March 2007 detecting neans and a bypass circuit that

i ncl udes afin@HORFigzalivearpadtuaisgresmsd mith p §duidleng detpsiohmnins T can heddtgotpdiid

| evel can be detected reliably at |ow cost. The refrigeration apparatus
descriWYed Pasuehes oty Hayid ansrd@fﬂﬁr@éfvaﬂawa%tﬁ% apréw&e%%ve?@mns BN FICFRIGHEL or
2, 5 wherein the}fog Eﬂ %Pare %her‘ﬁrov ded: a refrigerant charging
oper at i on TSREPHIP R AHE IR tm%%é@ﬁ Bt the refrigerant circuit

with refrigerant while creating a refrigerant charging

Thus, for example, if the apparatus is configured such that it can be detected when the liguid surface
rg:%phes a maximum liquid level (Lmax), then overcharging of refriggrant into the refrigerant circuit
15 can be detected. Furthermore, even when the length of the liquid pipe, gas pipe, and other connecting
piping cannot be measured, the required amount of refrigerant charging can be obtained easily by

detecting when a prescribed liquid level (L0) is obtained inside the receiver.

The refrigeration apparatus described in claim 2 is a refrigeration apparatus as recited in claim 1,
20 wherein the liquid level’ detecting means comprises a bypass circuit and a temperature detecting
means. The bypass circuit means connects the receiver and the suction side of the compressor and

1nc1udes an ON/OFF vaive and a pressure reducing mechanism. The temperature detecling means

detects the temperature of the refrigerant flowing in the bypass circuit.

25  Since the liquid leve] detecting means of this refrigeration apparalus comprises a temperature



operation state in which the Iiquid pipe of the refrigerant circuit is
filled wth liquid refrigerant having a prescribed density; @&Wah 2007
refrigerant chargi ng ending nmeans that ends the refrigerant charging
-executed by the refrigerant charging operation control neans based on the
detection signal fromthe 10 liquid level detecting means. Wth this
refrigeration apparatus, the refrigerant circuit is charged with
refrigerant while a refrigerant charging operation state is created in
which the refrigerant circuit is filled with liquid refrigerant having a
prescri bed density. During this refrigerant charging operation, refrigerant
charging is ended 15 when it is detected that the liquid surface inside the
recei ver héseaienohed zadprbg@essidixedit klev @lcluddshars ONEDIET valed wralbéd pickyprcofeddivgs
refrigerant charg| ng process is inproved. The refrigeration apparatus
descri bed echepishelliquid lavel efrtiegleteeied shaldppdevatass as recited in claim 3,
wherei n the heat-source-side heat exchanger is an air-cool ed heat exchanger
that uses air supplied 20 froman outdoor fan as the heat source. The

fri t. chargi h do h
[hat Che. CORIBRErT OAoBBChrR 6t HE" hBar I aeh RS aL® RTE0 CECRar >
(V\'hl ch 5aCt &hzﬁen é%p%ﬁ@ﬁggéreer %thﬂe(l\‘ 'rc?s}{tfeﬁ 91&5&?&1‘{ Icﬁ)a g §%p9§10§%gntgoqnﬁea% §1at he

openi ng of t uch that a~ presc egree

super heat | YcERMTEhRGink P et /8 ok @nit gyt %‘;tﬁ rSELRM: wille tch@tn%Uat }eﬁige&gt &Hﬂ%ml\%r ch

utilization-side heat exchanger (which acts as an evaporator)

2007 W t hofehutisn dtaé iniwdehaic|Qbid dfpp af B teSigeol diret it ONedofithmanr réﬂlgm;ﬁihavmg
refrigerant than is necessary in the heat-source-side heat exchanger

(whi ch act s paseribhiedaneihglemb erndfiigegsara vivirglegl el mibves gas cipls plee diirigposechargyet ween
the utilization-side heat exchanger and the suction side of the conpressor
is filled @reded hydsaetiscrpuichirgag apsratiorpentel meass based @it the delecsipn sigehirgn iy

operatjon st n which the liquid pipingis 5 filled with liquid
refri g@r an]fq“%a}%’ebﬁ feterting WEASi ped density can be achi eved easily. Brief

Descriptions of the Drawings FIG 1 (a) is a block diagram show ng the
refrigeration circuit of an enbodinent of a refrigeration

With this refrigeration apparatus, the refrigerant circuit is charged with refrigerant while a refrigerant
charging operation state is created in which the refrigerant circuit is filled with lquid refrigerant
having a prescribed density. During this refrigerant charging operation, rqfﬁgcrant charging is ended
15 whenitis detected that the liquid surface inside the receiver has reached a prescribed level. Thus, the

reliability of the refrigerant charging process is improved.

The refrigeration apparatus described in claim 4 is a refrigeration apparatus as recited in claim 3,
wherein the heat-source-side heat exchanger is an air-cooled heat exchanger that uses air supplied

20 from an outdoor fan as the heat source. The refrigerant charging operation control means controls the
outdoor fan such that the condensation pressure of the heat-source-side heat exchanger (which acts as
a condenser} achieves a prescribed value and controls the opening of the expansion valve such that a
prescribed degree of superheating can be imparted to the refrigerant at the outlet of the
utilization-side heat exchanger {which acts as an evaporator),

25



apparatus in accordance with the present invention. 10 FIG 2 is an

enl arged view of key conponents of the enbodi ment of a refriggngidefoo7
apparatus in accordance with the present invention. FIG 3 is an enlarged
-view of key conmponents of another enbodi ment of a refrigeration apparatus
in accordance with the present invention. 15 Best Mdes of Wrking the

I nvention Bel ow, preferred enbodi nents of the present invention are
described while referring to the attached drawi ngs. As shown in FIG 1,
this split-type refrigeration apparatus conprises an outdoor unit X and an
i ndoor 20 unit Y. The outdoor unit is equipped with a conpressor 1, an
air-cool ed condenser 2 (heat-source-side heat exchanger) conbined with an
out door f awit@, thiaRehigerdta QippRftus3 .colldtboi BOMOfe liHlid refifecRgUihpp &Ondskdkdty imithe
expansion valve 4 and an evaporator 5 (utilization-side heat exchanger).
The out doohecausvutce-aide heat erdborzerumihich arte actharedtsct) byvaiddd qditd gps pec srand a
gas pipe 9 to forma refrigeration cycle A (refrigerant circuit Liquid
pi pe 8 andbeyusnphpeiligationeidadeatapichonadr red Pieshign seletof iv @mpressems ifjeg vaﬁ 25
i ndoor fan. -4 15 March, 2007 As. shown in FIG 2, receiver, 3 is equi g
with a | i qEIEPUP BT Bt BEEIOHy @ AEHAR DD %%%‘?Wi’ﬁnt‘“ﬁﬁtln& teBdhestiqupd rtlwg i qui d
o e PR B P BL R RS b e SRR R oy 2
circuit 14 and a therm stor 15. The bypass circuit connects the prescribed
|l evel LOin receiver 3 with the suction pipe 11 of conpressor | and has a
sol enoi d @y@ﬂgsc\«@hmomemmhgg S actuated so as to open when the liquid

| evel is detected to be at the prescribed |level and a capillary tube 13
that acts HS. a(@isessotkalidpethisionthgBcizaiteation diveit bhar sietiafena@lagefdigeration
tenperature detecting neans that detects the tenperature of the refrigerant

f 1 owi ng i nepparatus in accordance with the present invention.
10 FIG 2 is an enlarged view of key components of the embodiment of a refrigeration apparatus in
accordance with the present invention.

FIG. 3 is an enlarged view of key components of another embodiment of a refrigeration apparatus in

accordance with the present invention.

15  Best Modes of Working the Invention
Below, preferred embodiments of the present invention are described while referring to the attached

drawings.

As shown in FIG. 1, this split-type refrigeration apparatus comprises an outdoor unit X and an indoor
20 unit Y. The outdoor unit is equipped with a compressor 1, an air-cooted condenser 2 (heat-source-side
heat exchanger) combined with an outdoor fan 6, and a receiver 3. The indoor unit is equipped with
an expansion {falve 4 and an evaporator 5 (utilization-side heat exchanger). The outdoor unit and
indoor unit are connected by a liquid pipe 8 and a gas pipe 9 to form a refrigeration cycle A
{refrigerant circuit). Liguid pipe 8 and gas pipe 9 include an onsite piping section Z. ltem 7 is an

25 indoor fan.



bypass circuit 14. The prescribed level LOis the surface level of the
liquid refrigerant collected in receiver 3 when the refrigergia,ich Jpgded
the least (i.e., when the amount of <circulating refrigerant Is the
smal l est) during air-conditioning operation. The prescribed |level is set
such that the liquid level L inside receiver 3 does not fall below a
mnimm |evel Lmn when the refrigerant is needed the nost (i.e., when the
anount of circulating refrigerant is the largest) during air-conditioning
operation. At emwiGniBGa, prrevetd & cgeippet with halquidat et iaedting nsdaas banepb@ssur e.

Refrigerati .cycle A wth ontroller 18 th el ves

ot ect; on s/ i Seprbit Dhen B BEare Vel Tt sbdiiich shnedreinsvdid ¥enas
control si gﬂ&@érﬁeit}) 16 QAR @FHAmdnt, BRRANSIeD BoteM R VileiftberOME EQ8FrisEaR Bpadsndoor
fan 7 and sal enoi d CN/gEF valve 12. Controller 18 has a function ereby it

acts as a r@fpftgdrada éFﬁth5oEB?QVW@%C%@H%W@Wﬂjﬁ§§m§eﬁh@?d&Wébh@é@
char gi ng of ek @bdri0efaiHe Qe Gife A W ddhdr&héd I%ﬁ%@g a ‘Mﬁbllcﬁd @N’?@FF RYvE 12

refrigerant charging operation state in which liquid pipe 8 is filled with
i quid ref rihgdp awate%mmgoaclw?@ﬂsblhﬁ b@lddél@nbwstiytcetn@toabefajrﬁmprmnb\mW@y it

acts as a ra%fdrlcggﬂlgg}mﬁe £ P&ts A3 QQ ?ﬂ?.\%mtg%chgrngg ”F}Qeth& 1st 1%%2«122

chargi ng execute gera operation con
based on t heledpewttire dﬁemrxgnabarﬂs rththleieqﬂmthh tempetandebéd*tel neg‘xgafmanﬁowﬂa@ inln the

enbodinent, the refri.gerant ch i.n |on contr ns.-5_.15 March
5007 Cont raPas shEbi oS TN bt il B ABCH e SRaER I b T RRa R
coPdenser &oﬂeﬂﬂi’rﬁ&eamm SS\@hénthd rofaiberent if b :nf@ied tigeie ikt ‘(15@,'[ whaN Be lainqgﬁt%f |
refrigerant .than is necessar oes not .collect in condenser and_control s
the openi ngc“(‘i’?la a%paq{%%ma#(y;esw?lgﬂg Rutineapir-gonskieaning mata)@g?f%p@fsw ed

super heat i ngvet @snseb@udhrmﬁrth@ﬂqﬁ@ &ReL ihghe 1&&@@}@: déds ﬁoh?alpbglcl)‘.@ta Rhimum
evapor at or 5 e., .such that the gas pipe 9 disposed between evaporator 5

5 and conpri® érmrl wihen fhe| ie@igeygnt is ngadeslohs mosk (-t gahan the apng of ¢itpulating
refrigerantg %eﬁﬂ@fsgﬁpla‘i%y glﬂgnn airs %BH(&IHQI{I&g Xgéx Xtﬁoe( ek fNQW Nk LudeEnsor

drawi ngs) that connects outdoor unit onsite connection
that detects the suction pressure.

Refrigeration cycle A is equipped with a controller 18 that receives detection signals from
thermistor 15 and pressure sensor 16 and sends control signals to compressor I, expansion

valve 4, outdoor fan 6, indoor fan 7 and solenoid ON/OFF valve 12.

Controller 18 has a function whereby it acts as a refrigerant charging operation control
means that executes charging of refrigeration cycle A with refrigerant while creating a
refrigerant charging operation state in which liquid pipe 8 is filled with liquid refrigerant
having a prescribed density and a function whereby it acts as a refrigerant charging
ending means that ends the refrigerant charging executed by the refrigerant charting
operation control means based on the detection signal from liquid level detecting means

10. In the embodiment, the refrigerant charging operation control means



pi ping section Z. Next, the operation of the refrigeration apparatus during
refrigerant charging is explained. 10 The control signal frqrgln?%hréygber
18 controls outdoor fan 6 such that the condensation pressure at condenser
-2 becones a prescribed value (i.e., such that nore liquid refrigerant than
IS necessary does not collect in condenser 2) and controls the opening of
expansi on valve 4 such that a prescribed degree of superheating can be
inparted to the refrigerant at the outlet of evaporator 5 (i.e., such that
15 the gas pipe 9 disposed between evaporator 5 and conpressor 1 is filled
W th gaseous refrigerant). As a result, refrigeration cycle Ais charged
with refrigerant while a refrigerant charging operation state exists in
whi ch I'i quicghaBisReaori 6 subd @& WM bhdiehdafibd Heds®t i BBIARE 2 BB ReRfiRBGHDE
density. During this charging, solenoid OV OFF valve 12 is in the opened
state. 20 As., ki daysbemqbid rehgirgethan isheccasipuits of csirbdih geantr 3 aidcdshasls ng
inrefrigerant cycle A increases gradually and the liquid |level L of the

r ef ri ger antheiopsiige! peewionenivd4 puck €st a Mrenbddiiegrks qfunmrieetglcal be impati ésthe
prescribed |level LO which is the inlet to bypass circuit 14, saturated

li quid ref rafiggsraghat te Qg of Pisperaley plss sush thetibe 2aspipipdienesqd Pep¥srs SEBIAIT O t he
saturat ed gas refrigerant filling the hase sectj.on of, regﬁiver 3 was

_ . gas .
f1owi ng’ i nf PRAPESET i Ptlied M sirgut _FFéﬁ‘%?f%fBoﬁerfSﬂ’ﬁd TgpRdt Fhigef Haroush @
ator aed (g oo rererRePLRTR Fate) HPE Bt Rl i e iy ecion
descri bed, ,iI;s prigsgure is reduced by capillary tube 13 and it evaporates,
causing the tenperature detected by therm stor 15 to decrease rapidly.
Thus, the fact that the liquid |l evel has reached the aforenentioned
prescribed | evel 5 can be detected by detecting this rapid decrease in
t enper at ur Heante sietatiog ef thateficdearion Apacan dixtngantligetantiaharping ispaplained.n ti me
when the liquid level is detected to be at the prescribed level. Wth this
met hod!®f refrigerant charging, refrigeration cycle Ais charged with the

requi red anount of .
The control signal from controller 18 centrols outdoor fan 6 such that the condensation pressure at

condenser 2 becomes a prescribed value (i.e., such that more liquid refrigerant than is necessary does
not collect in condenser 2) and controls the opening of expansion valve 4 such that a prescribed
degree of superheating can be imparted to the refrigerant at the outlet of evaporator 5 (i.¢., such that
15  the gas pipe 9 disposed between evaporator 5 and compressor 1 is filled with gaseous refrigerant). As
a result, refrigeration cycle A is charged with refrigerant while a refrigerant charging operation state
exists in which liquid pipe 8 is filled with liquid refrigerant having a prescribed density. During this

charging, solenoid ON/OFF valve 12 is in the opened state.

20  As the system is charged, the amount of refrigerant circulating in refrigerant cycle A increases
gradually and the liquid level L of the refrigerant inside receiver 3 rises. When the liquid level L
reaches prescribed level L0, which is the inlet to bypass circuit 14, saturated liquid reﬁ‘igerant‘hOWS
into bypass circuit 34, Up unti] this point, the saturated gas refrigerant filling the gas phase section of
receiver 3 was flowing into bypass circuit 14 and thermistor 15 was detecting the temperature of this

25 gascous refrigerant,
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refrigerant. The required amount of refrigerant can be charged even if the
| ength of the connecting 10 pipes cannot be neasured onsite @&ngalcheoo7
reliability of the equipnent is inproved. Furthernore, outdoor fan 6 is
~controll ed such that the condensati on pressure at condenser 2 beconmes a
prescri bed value (i.e., such that nore liquid refrigerant than is necessary
does not collect in condenser 2) and the opening of expansion valve 4 is
controlled such that a prescribed degree of 15 superheating can be inparted
to the refrigerant at the outlet of evaporator 5 (i.e., such that the gas
pi pe 9 di sposed between evaporator 5 and conpressor 1 is filled with
gaseous refrigerant). As a result, a refrigerant charging operation state
in which liquid pipe 8 is filled with liquid refrigerant having a

prescri bed density can be created easily. 20 In order to prevent

degr adat i oWheot sttiveteCORidireirigeragriicwscalo Hypass elratt 14 hejustaggaaibtd; iofpresegeilver 3
such that refrigerant will not overflow out of receiver 3 during the

oper at i ng sthagedby spilaiChbe Rend fsterags, casiiteghaismpatipiegleteaipmt by tBerpeer ip &t

redundant, ;and wit e refrigerant. charging apounpt that was judge during
e por 1 ot Bty Aoy Biedhe A ey B MRHEr B 1P oot Ehe

| onest (i.e, en .th ondensati.on pressure is high and.the densit f
the ti dui e PG S ed IR P Gl SRR Aol e GBB  HR LS te
convent i onglyii a8k AN ARRA! BIHACRIEBRIo b aAPnS HRUAEML G 3, are
provided wth 'a bypass <circuit 19 that connects the top edge part Lmax of
receiver 3 wwth suction pipe 1 | of conpressor 1 and has a sol enoid OV OFF
valve 20 and a capillary tube 21. This bypass circuit acts as a protection
devi ce dur Witlyihibedatiosiiof efeteant dnigilgukiipehidigecants dwgedhiar iy eguicd anbest of
detected by providing bypass 5 circuit 19 with a therm stor 22. In short, a
t her m st orrefizemsein Thercguited amouni of exditigeraht ¢ahde lckaygeld everoif thehengthl df ¢hgi cgnnecting
refrigerant, i nside receiver 3 has reached a naxinum | evel Lnax during test
runni niy afRRs canoat be pesRd onsHapyh threligtility Al 'Be sripmegeiveRRToved: | i qui d surface
sensor is used as the liquid | evel detecting neans 10.

Furthermore, outdoor fan 6 is controiled such that the condensation pressure at condenser 2 becomes
a prescribed value (i.e., such that more liquid refrigerant than is necessary does not collect in
condenser 2) and the opening of expansion valve 4 is controlled such that a prescribed degree of
15  superheating can be imparted to the refrigerant at the outlet of evaporator 5 (i.e., such that the gas
pipe 9 disposed between evaporator 5 and compressor 1 is filled with gaseous refrigerant). As a result,
a refrigerant charging operation state in which liquid pipe 8 is filled with liquid refrigerant having a

prescribed density can be created easily.

20 In order to prevent degradation of the COP, it is critical to select the capacity of receiver 3 such that
refrigerant will not overflow out of receiver 3 during the operating state in which the amount of
surplus refrigerant is the most redundant, and with the refrigerant charging amount that was judg;d
during the portion of the air-conditioning cvecle when the liquid level L is the lowest (i.¢., when the

condensation pressure is high and the density of the hquid in liquid pipe § :s large).

25



10 The enbodi nents presented herein were described regarding a dedicated
air-conditioning device, but the present invention can al so{8qy5RRldce¢ t o
a refrigeration apparatus that is provided with a four-way swtching valve
-on the discharge side of conpressor 1 of outdoor unit X so that the flow
direction of the refrigerant in refrigeration cycle A can be reversed and
both heating and cooling can be performed. 15 Industrial Applicability
This invention nakes it possible to charge a refrigeration apparatus with
the amount of refrigerant that the refrigeration apparatus requires at the
time of onsite installation. As a result, the optinum refrigerant charging
anount can al ways be obtained. 20 -8 15 March 2007 Cains 1. A

refriger at irpdle ap pafaltidsal CONREASh Rgharafusds@ak, 129 @0A T GG T bielprdviledMyitE R biass
foll owi ng are connected together: an outdoor unit having a conpressor that
conpr essescigagédist coaferts e rartige pag Leabfrs@ivecewsh chetidradic 1&xtdoangssor 1 and
connected to the conpressor, and a receiver connected to the

heat - sour cbassi whEndid £N/GRE ety el andforapitiotyl telest 3 1nghis ibppeisticireatt pity oy aptotection
condensed by the heat-source side heat exchanger, and an indogr unit

havi ng an EXjfafenRgndefiastraeraiee: awffrlsq%wfes?baﬁ%ecaﬁ SareedxaRigdToE BitECt ed

Fecei ver - aHETHE "Gk AAHEPBIT 016t BgstriaP: 2hita °8 §eES AR AL GERREREI N he
utilizati Oﬁﬁtﬁc’! g:%ngré%ﬁ% inside receiver 3 has reached a maximum level Lmax during test running after

refrigerant charging. In this arrangement, a liquid surface sensor is used as the liquid level detecting

means 10.

10 The embodiments presented herein were described regarding a dedicated air-conditioning device, but
the present invention can also be applied to a refrigeration apparatus that is provided with a four-way
switching valve on the discharge side of compressor 1 of outdoor unit X so that the flow direction of

the refrigerant in refrigeration cycle A can be reversed and both heating and cooling can be

performed.

15
Industrial Applicability
This invention makes it possible to charge a refrigeration apparatus with the amount of refrigerant
that the refrigeration apparatus requires at the time of onsite installation. As a result, the optimum
refrigerant charging amount can always be obtained.

20
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exchanger and the conpressor together; and a liquid | evel detecting nenber
that detects if a surface of the liquid refrigerant inside t i

has reached a prescribed level . 2. A refrigeration apparatus equi pped with
a refrigerant circuit in which the follow ng are connected together: a
conpressor that conpresses gaseous refrigerant, a heat-source-side heat
exchanger, a receiver for collecting I&Euid refrigerant, an expansion
valve, a liquid pipe that connects th iver and the expansion valve, a
utilization-side heat exchanger, and a gas pipe that connects the
utilization-side heat exchanger and the conpressor; and a liquid |evel

det ecti ng menber ARAECHEORARLIANYS HNWGSNEce of the |iquid refrigerant

i nsi de the receiyedtifasn BN edwRicRURSBIIPEE ol LéBhectddEedhgui d | evel
detecting nenber conprising a bépass circuit that connects the receiver

and a suction side of a1 PP &8YBE 2 APRIPICHEF Rt SOMMICERP GPFOwsabiigerand a
pressure reducing mechani SH‘h@&ldsoerc%-%{HBﬁ{eﬁttéﬁcﬁa gl eé%&l&%d”ﬁrmgﬂz?&&%gsgﬂet ects

a tenperature of the refrigerant flowing in the bypass circui 15
March 2007 3. A refri ger atida ra@ppar apusccagup phe tlearistircaside hedt gechanger

circuit in which the follgwn re..connect ed together: onpressor, t hat
conpresses gaseous refrigefﬁﬁ ﬁﬂ%ﬂ%#ggr}ggg?ggvgﬁﬁgwﬁégy3g§§ﬁ§ﬁggﬁfug

recei ver for collecting |ihgeitexahefiger,gadant, an expansion valve, a liquid
pi pe that connects the receiver and the expansi on valve, a utilization-side

heat exchanger, and a®bRSO%i'HE FHEE R GHRBULS VIR 20t P PIUAHIPBAYSIER heat
exchanger and the conpresg@hingdr lcofiticldl @Vdk et ttdenNicBEP % llanad:, det ect's
if a surface of the liquid refrigerant |inside the receiver has reached a
prescribed | evel; liquid pipe connecting the receiver and the expansion valve
together, and a gas pipe connecting the utilization-side heat
exchanger and the compressor together; and
a liquid level detecting member that detects if a surface of the liquid refrigerant

inside the receiver has reached a prescribed level .

2. A refrigeration apparatus equipped with a refrigerant circuit in which the
following are connected together: a compressor that compresses gaseous refrigerant, a
heat-source-side heat exchanger, a receiver for collecting liquid refrigerant, an expansion
valve, a liquid pipe that connects the receiver and the expansion valve, a utilization-side
heat exchanger, and a gas pipe that connects the utilization-side heat exchanger and the
compressor; and

a liquid level detecting member that detects if a surface of the liquid refrigerant
inside the receiver has reached a prescribed level,

the liquid level detecting member comprising a bypass circuit that connects the
receiver and a suction side of the compressor and includes an ON/OFF valve and a
pressure reducing mechanism and a temperature detecting member that detects a

temperature of the refrigerant flowing in the bypass circuit .



a refrigerant charging operation control nenber that executes charging of
the refrigerant circuit with refrigerant while creating ar é’dﬂg%’h 07
chargi ng operation state in which the liquid pipe of the refrigeran
circuit is filled with liquid refrigerant having a prescribed density; and
a refrigerant charging ending nenber that ends the refrigerant charging by
the refrigerant chargi ng operation control nenber based on a detection
signal fromthe 1liquid |level detecting nmenber. 4. The refrigeration

appar at us a3 recht edrigdrattdmiappadatuiirgiigpii thith Readfigoint Cercaitdd h@adh the
exchanger iP an. air-cool ed heat exchanger that uses air suppljied froman
out door f ant®HE¥N8e™ R EARNSHdr R8thekng CONBrEHY rtha rORmFesstas2gI Wy ToibEFERt én

control nNenkat-sGRa §8d Beal BEHRMAQOG&AR SUCINecdlpalquitt RANLAEHS ahi QPaigssur e
of the heat-source-side heat exchanger which acts as a condenser achieves

a prescri betficapdsiughpire 818t eamsctd frenrerivasfand the ppzsins whvey alulilizatigetsidet hat a
prescri bed degLes.Qfer SHRES - D& IHINAH; to;the, ' at an

outlet of the ut idlﬂ?eé’?tﬁl onghg%géeen%gg@g%%gngeglggt\ﬂ}ncﬁ?dea%%%g%y%%?%@tgglgr at or.
5. The ref réogaress¢ton apparatus as recited in claim2, wherein the foll ow ng

are further proyi. : refrigerant charging.eperation control frenber that
executes chargi nzbhg]?lgtl?'u‘%'l dcr?tg tlrn%gné?ng?] ' %}éa?rdg{ﬁf‘t% lﬁj?tsw??cgf(’?iﬂbeeﬂ%%é)I%f\ﬂgff”érﬁ
creating a ingfle ihgecaiter bhracghada peedrbed twvest ates in which the [iquid pipe
of the refrigerant circuit is filled with liquid refrigerant having a
prescribed densit ﬁﬁlﬁ?‘\ﬂf’t-%lgi@ RgrtimzeeTol gUvRte it ctuwél‘%’ﬁ"&“ﬁ’gogmi ng
nmenber t hatyefpdfant fecuiietvith gerigatbnGalcr&GinpY réf@erafl dhi @M BdHerAdALANE
operation contraol nmenber based on a detection signal fromthe |iquid

which the liquid pipe of the refrigerant circuit is filled with liquid refrigerant having a

prescribed density; and

a refrigerant charging ending member that ends the refrigerant charging by the
refrigerant charging operation control member based on a detection signal from the

liguid level detecting member.

4. The refrigeration apparatus as recited in claim 3, wherein

the heat-source-side heat exchanger is an air-cooled heat exchanger that uses air
supplied from an outdoor fan as the heat source; and

the refrigerant charging operation control member controls the outdoor fan such
that a condensation pressure of the heat-source-side heat exchanger which acts as a
condenser achieves a prescribed value and controls opening of the expansion valve such
that a prescribed degree of superheating can be imparted to the refrigerant at an outlet of

the utilization-side heat exchanger which acts as an evaporator.

5. The refrigeration apparatus as recited in claim 2, wherein the following are further
provided:

a refrigerant charging operation control member that executes charging of the
refrigerant circuit with refrigerant while creating a refrigerant charging operation states in
which the liquid pipe of the refrigerant circuit is filled with liquid refrigerant having a

prescribed density; and
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| evel detecting nenber. 6. The refrigeration apparatus as recited in claim
5, wherein the heat-source-side heat exchanger is an air-cool%qVI at

. . 1 2007 .
exchanger that uses air supplied froman outdoor fan as the heal source;
and the refrigerant charging operation control nenber controls the outdoor
fan such that a condensation pressure of the heat-source-side heat
exchanger which acts as a condenser achieves a prescribed val ue and
control s opening of the expansion valve such that a prescribed degree of

super heating cana beripemardhegtidgOeddie mehbbg@kanidsabe aitrighidt@ha@ing Bhehe
utilization-side heat exchanger which acts as an evaporator. 7. A

refri ger at i GHISSHPAFHERIES eRFFHFMSOREo! memplar bpggdroart detscherpigng! frofnihe Havide

fol 'owi ng ae1ceRPG RdnEQIet her: a conpressor that conpresses gaseous
refrigerant, a heat-source-side heat exchanger, a receiver for collecting

liquid refrigerant, an expansion valve, a liquid pipe that connects the

receiver dt ANSL: . il | ON:-Si. heat exchanger, and a
gas pi pe tﬁgt cgﬁﬁ§§ﬁ§£§#ﬁ£a%?#%ﬁ?ﬁ??%%?gﬁ@gﬁkggvﬁggghanger and the
conpressor; and e lhegsogrct-eve lhegtetxeletngagis e rdreroclxd riemgedhangdr hontseganed t o
extract a part,. H\the Hi u&d rq&rb%ﬁranthoglected in the receiver,

conduct pré%ggﬁz P@ﬁﬁ%?%aoé Qb%? t THT AR extract ed liquid refrigerant,
and detect if a surégaanfchuiptnd orputitdnrohrdlgaEaRdr coftrdll ehel @LEIOY €in sRAS

reached a prescribed |l evel by evaluating a t erature of the evaporated
ptilat (?ensatmn presséllre the%cat—gource-s?crirep heal exchanger whfch acts as a

refrigerant® & £gn
condenser achieves a prescribed value and controls opening of the expansion valve such
that a prescribed degree of superheating can be imparted to the refrigerant at an outlet of

the utilization-side heat exchanger which acts as an evaporator.

7. A refrigeration apparatus comprising;

a refrigerant circuit in which the following are connected together: a compressor
that compresses gaseous refrigerant, a heat-source-side heat exchanger, a receiver for
collecting liquid refrigerant, an expansion valve, a liquid pipe that connects the receiver
and the expansion valve, a utilization-side heat exchanger, and a gas pipe that connects
the utilization-side heat exchanger and the compressor; and

a liquid level detecting member arranged and configured to extract a part of the
liquid refrigerant collected in the receiver, conduct pressure reducing evaporation to the
extracted liquid refrigerant, and detect if a surface of the liquid refrigerant in the receiver

has reached a prescribed level by evaluating a temperature of the evaporated refrigerant.
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