25 June 2004 Specification Refrigeration System5 TECHNI CAL FI ELD: [0001]
The present invention relates to a refrigeration systen1 ECh MSehHad
vior ki ng medi um containing an R32 (chem cal forrmula : CH2FZ) refrigerant.
10 BACKGROUND ART [0002] For heat-punp refrigeration systens using a
refrigerant, since. HCFC-base refrigerantg having |larger, ozone-depleting
coefficients have becanme a target of CFC regulation, an R410A (R32 : R125
= 50 : 50) refrigerant 15 that is an HFC base refrigerant having an
ozone-depleting coefficient of zero is in use as an alternative
refrigerant therefor. As refrigerabpenisyshetisnusi ng the R410A
refrigerant, indeed those capable of obtaining COP (Coefficient O
Performance) |evels equivalent to that of 20 an R22 refrigerant have been
devel oped into products, but further inprovenment in COP.is desired from

the recent years' denand for erendysadiRg: JjamRer, the RA10A
refrigerant has a problemthat it cannot be inproved in COP beyond the R22
refrigerant without increasing the size of 25 June 2004 2

5  TECHNICAL FIELD:
[0001] The present invention relates to a refrigeration
system which wuses a working medium containing an R32

{chemical formula: CH,F,) refrigerant.

10 BACKGROUND ART
[0002] | Forl heat-pump refrigeration systems using a
;efrigergnt,‘”since. HCFC-base ﬂrefrigerantS' having large:_
ozonenaépleting-coefficients hafe'bécame a target of CFC
regulation, an R410A (R3Z2 : R125 = 50 : 50) refrigerant

15 that is an HFC-base refrigerant having an ozone-depleting
coefficient of zero is in use as aﬁ alternative refrigerant
therefor. As refrigeration systems ‘using the R410A
refrigerant, indeed those capable of obtaining cop
(Coefficient_Of Eerformance) levels equivalent to that of_

20 an R22 fefrigerantlhavé been developéd into products,‘but
further improvement in COP is desired from the recent
years' demand for energy saving. However, the R410A
refrigergnt has a problem.that it cannot be improved in COP

beyond the R22 refrigerant without increasing the size of



t he heat exchanger to thereby increase the amount of charged refrigerant
with the resulting cost increased. D SCLOSURE OF THE INVEQEISEh%QﬂQ%]
Therefore, an object of the present invention is to providé a refrigeration
system capable of inproving the COP while ensuring sufficient reliability
by using a working medium containing an R32 refrigerant. [0004] In

accord th a first aspect of  the |n tion ere ovid a

et r1 oananeste-Cadues I haRER FbieeSe tarmaint el et mlGrmstun’ e resiogFos
refrigenembse. a m xed refrigerant containing at |east 70 wt % of the R32,
and pol yvinyl ether oil whose viscosity at 40Cis 46 - 82 cst. [0005] The
present applicant has discovered through experinents that a favorable

| ubricity of the conpressor, a sufficient reliability, and a high COP can

be obt aj , i ironmental problens are provided for, by
usi ng %&w ﬁ%ﬂ\éﬁﬁﬂé em a working medium which consists of the
| ow- GWP (d obal Warm ng Paraneter) R32'refrigerant free from ozone |ayer

depl et r m.xed refri ant containing at |least 70 wt % of R32, and
ool yvi H9Po3letThererre) anphiedt O Ine puesentintiantian & 19 orayide a gofigesgtion PRI o o

accor di gzpable of Mepro@hg ihgeTP ivdite SnstliAgG UGt RdiabiE AR £LROKIngddign, t he
COP of th? ﬁte%gj% be |rrproved by lowering the viscosity at 40C of the
e

pol yvi A" 9804 - 3 oil used as refrigeration oil for the R32
refrigerant wthin a range of 46 - 82 cst that allows sufficient

I i ned,_ and thereby inproving the  nechanical
;? f : 2?;[%@% O]EI Of:%g) bt a:sn@tg @cﬂr% agpgd Héﬁ%e%tyl?%on, }t/hlerg is provided are ngleratlon
system which uses a working medium composed of an R32 refrigerant or a mixed refrigerant

containing at least 70 wt% of the R32, and polyvinyl ether oil whose viscosity at 40°C is 46 - 82
cst.

[0005] The present applicant has discovered through experiments that a favorable lubricity of
the compressor, a sufficient reliability, and a high COP can be obtained, while global
environmental problems are provided for, by using for the refrigeration system a working
medium which consists of the low-GWP (Global Warming Parameter) R32 refrigerant free from
ozone layer depletion or a mixed refrigerant containing at least 70 wt% of R32, and polyvinyl
ether oil whose viscosity at 40°C is 46 - 82 cst. Therefore, according to the refrigeration system
having the above constitution, the COP of the system can be improved

by lowering the viscosity at 40°C of the polyvinyl ether



5 selecting a polyvinyl ether oil whose viscosity at 40Cis low within the
rrange of 46 - 82 cst as the refrigeration oil, the refrig?ga&%ﬁg1faﬁgeyn
such as a split-type air conditioner having an indoor uni an out door
unit separately can be made larger in the high-low difference 10 between
the indoor unit and the outdoor unit, larger_in the length of the

connecting pi pe that connects together the indoor unit and the outdoor
unit,. and further thinner in the dianeter of the gas connecting pipe, as
conpared with ‘systemnms using the R410A refrigerant or the R22 refrigerant.

15 {0006] I noane egbadi BNt OFf 1 DF ESENt, i NVeRLi 0Ry t hgso Vi t he
pol yvinyl ether oil at 40C is 4é£?r68 csf”'[0007) Acgorg?%g €%9§%§¥r8£t

enbodi ment, LACHOEP af +lige Y emeean b | YOV RAIDT €1 15l Lably f?.&ggg%]

I n one enbodlnent of the present i nvention ng o or 0
notor for a Qggg@ggggﬁa;st%oaﬁgd 05%59 8 |n§Hhat#ngé erlﬁ%ﬁ YN eao%hone

sel ected from anong crosslinked polye yl ené yvinyt for

[0003]  Acsor Sren e ‘the o3 ?@é?lae"inafé‘ﬁg %%yéﬁh%%s'srs“g%ﬁveziﬂ%&?ﬂﬁﬁ?“b’
coatlng5the wendl %QdH rﬁ%f§§§ﬁ§lcgther oil whose viscosity at 40°C is
- low within the rénge of 46 - 82 cst as the refrigeration
oil, the refrigeratioo. system such as a split-type air
conditioner having an. indoor unit and an outdoof unit
separately can be made larger in the high-low difference
i0 between the indoor unit and the outdoor unit, larger in the
iength of the connecting pipe that connects together the

-indoor unit and ‘the outdoor unit, and further thinner in .

 the dlameter of the gas connectlng pipe, as compared w1th'
systems using the R410A refrigerant or the R22 refrigerant.

15 [0006] In one embodiment of the present invention, the
viscosity of the poiyvinyl ether oil at 40°C is 46 -~ 68
cst.

[0007] According to this embodiment, the COP of the
system oan be imp;oved more reliably.

20 [0008] In one embodiment of the present invention, a
winding of a stator of a motor for a compressor is coated
with an insulating layer of at least one selected from
among crosslinked~polyethylene, “polyvinyl formal,

polyester, polyesterimide, polyamide and polyamide imide.



the "notor for the conpressor, with an insulating |layer of,.at |east one
sel ected from anong crosslinked-pol yethylene, 5 polyvinyl2go§q%gqoo4
pol yester, polyesterimde, polyam de and pol yam de i m de, weather
resistance of the insulating layer is inproved, high reliability can be
obt ai ned, and | ong- term service can be achieved. [0010] In one enbodi nment
of the present invention, at 10 |east one anong an antifoam ng agent, a
noi sture supplenmental agent or an extreme pressure additive is added to
the polyvinyl ether oil. [0011] According to the refrigeration system: of

the above errbodinent, nbycaddingd @B amhef 0aBkRggaaEALCHO LR8tehS B! YVhAY!
ether oil, foamability can be suppressed, and seizure of the conpressor

caused by sugbb@d @mdd¥Emdral ! iger aphtdee i ﬁﬂ?dﬂrﬂ? BRERGENKLEHN B
prevented. Further, by adding a noisturé supplenental. agent to the

pol yvinyl ethge Rikordegradald Rnidt&herd Gty earti A 20 cRysedyby a8

/ ) at
effect of noisture and freezing i-n portions of -1ow.tenperatures can be

e or” of LEbBE ok 200180:80 _exbhoEndlies Mg SIS Pybifytene,

pol yvinyl ether oil, a chemc adsorption filmis forne

;g; I ?gﬁsch ggﬁygggggg?%f@g,uﬁé%%gﬁek UbELe b QL 1 hAGeS! AR} i &P ana
; polyamide imide, weather resistance of the insulatingrlayer
is improved, high reliability can be obtained, and long-
term service can be achieved. R
[0010] In one embodiment of the present invention, at
10 least one among an antifoaming agent, a moisture
supplemental agent or an extreme pressure additive is added
" to the polyvinyl ether oil.
[0011]  According -to ‘the Jrefrigerétion system of 'thér
above embodiment, by adding an antifoaming agent to the
15 polyvinyl ether oil, foamability can be suppressed, and
seizure of the compressor caused by suction of the
refrigerant due to a foaming phenomenon can be prevented.
Further, by adding a moisture supplemental agent to the
polyvinyl ether oil, degradation in chemical reaction
20 causéd by an effect of moisture aﬁd ffeezing in portioné of
low temperatures can be prevehted; Further, by adding an
extreme pressure additive to the polyvinyl_ether oil, a
chemical adsorption film is formed on the sliding surface

of the compressor so that the lubricity of the slidable

25 portion can be improved.



5 [0012] In one enbodi ment of the present invention, the refrigeration
system conprises a refrigerant circuit in which a conpressgr/, g cojenser
a deconpressor, and an evaporator are connected in a |oop, H
refrigerating cycle 5 having no dryer for elimnating noisture in the
refrigerant [0013] According to the refrigeration systemof the above
enbodi by using the polyvinyl ether oil resistant to noisture and
less in oaég,r aens smbpdimant of tag prefenhinventias). the refdigaiajien syslem pemprises a

elim n?&:ﬁﬂ;[e{)%tf H}Y;\qupgr \ﬁhlgl‘?gacn ngtqggsﬁ]f)g Cgﬁ%orﬁgwaééd?‘%f?% e P YT te%B&ero

achi ev n accor aspect o I'nvention,

i s provargespnaectedin a daapdihe wiégeratiioneycle &bawng@ordmnfm elmpamrmfstm er32
refrrgeﬁgqéﬁﬁé m xed refrigerant containing at |east 70 wt % of the R32
and pol yvi nylF ether oil whose viscosity at 40Cis 46 - 82 cst, wherein the
air conditioner has an |ndoor unit and an out door unit [0015] According to

the air d | t i r
et woerl PR AR (A% rifibishsn £RAEh diths Mo chibduiishin B ha L Sy
| engt h ether @rbresetﬁmé@mqmjurpr ep'eéieeern tegradatiopdeethe mrfrcgemtranmr thendrydr aaret er

of the eé\é.nqrﬂaea%ro%eq%q% A&@gg.on%naatwﬂ%@ﬂ? RheSORRAL @%ert rhe\ear

condi tioners usin eran rrgerant
accordance with a third aspect of the i nvention, there is provrded a

fri h di;
ot 11 gdeahiICTh edoc iy SEr RcR et EROMUBHRARE BERe ik, Aotk
R125, amdcwdtt@nsrmuwg 8t Werking Imetiumneprapasedcobiany R8P drigeraiit on@ -migdi cst .
Lo oC oYl thidirthd S1bhdt APRRA orthe FAS Jrd AR el Guckelieb i b °
|c g ne m-co of a mxture of

refrigeration system uses a workin
R32 andtCCds 46 nBaical wherein thegdscondiignerritasar/indeort umttandmreoutm upd. W % of

R32 conpared to CO2 and a pol yvinyl ether oil

[0015] According to the air conditioner having this constitution, the high-low difference
between the indoor 20 unit and the outdoor unit can be increased, the length of the
connecting pipes can be increased, and further the diameter of the gas connecting pipes can
be narrowed, as compared with air conditioners using the R410A refrigerant or the R22

refrigerant.

In accordance with a third aspect of the invention, there is provided a refrigeration system
which uses a working medium composed of a mixed refrigerant containing at least 70 wit% of
R32 and the remaining wt% of R125, and a polyvinyl ether oil having a viscosity at 40 °C of
46 - 82 cst.

In accordance with a fourth aspect of the invention, there is provided a refrigeration system
which uses a working medium composed of a mixture of R32 and CO, containing not less
than 70 wi% and not more than 90 wt% of R32 compared to CO, and a polyvinyl ether oil
having a viscosity at 40 °C of 46 - 82 cst.

In accordance with a fifth aspect of the invention, there is provided a refrigeration system
which uses a working medium composed of a mixed refrigerant of R32 and R22 containing
not less than 70 wt% and not more than 90 wt% of R32 compared to R22, and a polyvinyl
ether oil having a viscosity at 40 'C of 46 - 82 cst.



having a viscosity at 40 C of 46 - 82 cst. In accordance with a fifth
aspect of the invention, there is provided a refrigeration gy&t yﬂl ch
uses a wor ki ng medi um conposed of a m xed refrigerant of I%?
containing not less than 70 wt % and ngt nore than 90 wt % of R32 conpared
to R22, and a polyvinyl ether oil havinhg a viscosity at 40 'C of 46 - 82
cst. 25 June 2004 5a In accordance with a sixth aspect of the invention,

t her e i gscardaneRI Wi assixth aspesttal Gircinvemtioanthermis Rioyided ?@é‘#ra?@ﬂ@'ﬁo%v\@?'c'bf 4

- 5 kWgnda Llféﬁi@el%tlﬁﬁrd&ww ofedi Ve GRR0SRE é’ﬂmo@lﬂnﬁ?ed:drﬁfdoh%éé@bf anR32

pol yvinyl ether oil havi nt% a viscosity at 40 8C o cst, wherein the
air cosfigerafandinabvinybethgh ofl haybe auisaosinat 4% 8Gd?fd‘@dr 8%ﬁf5tt Whﬁfﬁ'ﬁ Hendifi mum
di anet egorRftiofedmelude® BRARAII Linkti AR é@oﬂtﬂbbpﬁﬁif atnﬁaé‘ M|ﬁlnﬁ1ﬁ$61aﬁ4é€éreof|%4%&°\ or
R22 is used as a refrigerant. 25 June 6 B DESCRI P HE
DRAW NCESNeeting| pipe gs narowey than %P@S%Wagﬁeaﬁ%%\ﬂr r@??a iss u$fchas jac refrigerant.
configuration of an air conditioner as a refrigeration systemaccording to
an enbodi ment of the invention; 5 [0017] Figs. 2A and 2B are draw ngs
showing the reliability of a conpressor and a system COP relative to the
viscosity grade of polyvinyl ether oil in the air conditioner; and [0018]
Figs. 3A, 3B and 3C are drawi ngs showing the 10 high-low difference, the

| engt h of connecting pipes, and



t he di aneter of -gas connecting pipes relative to the viscosity grade of
refrigeration oil wth respect to RA10A, R22, and R32 refribgeraM Sio0hS BEST
MODE FOR CARRYI NG OQUT THE | NVENTI ON [ 0019] A refrigeration system of the
present invention wll be described in detail belowwith reference to

i-l lustrated enbodi ments. [0020] Fig. | isga.circuit diagram show ng a
schematic 20 configuration of a heat-punp air conditioner as a
refrigeration systemaccording to an enbodi nent of the invention, where
reference nuneral | denotes a conpressor, nuneral 2 denotes a four-pass

swi t chi ng vagrerpnprotrMosSeN erdsursprapngekted to the di scharge side of
the conpressor 25 1, nuneral 3 denotes an outdoor heat exchanger one of

whose 25 Junmgﬂgf - 7pepdsji siLconneggt-ed;t0 dilRnAihesnSREhEf at ReH e Aass

swi tching va nunmeral 4 denotes a notor-driven expansion valve one of

whose ends iéoﬁ?ﬂéﬁ%%@ohd she piher y eegneitwﬁeegtg yory healr.exehangss, 3.

nuneral 5 denotes”an 5 indoor heat ‘exchanger one o ose ends I's connecte

Lo the ot hekyendnohobBeatRhOtadhhY ERERARRIOB LV EHYE et ofluneral €
denotes an ac%unu ator one Of whose ends 1's connected to the other end of

the indgor hf§61?¥0han9§&55 2A and 2B are drawings showing the

- reliability of a compressor and a system COP relative to

the viscosity grade of polyvinyl ether o0il in the air

conditioner; and |

[0018] Figs. 3A, 3B and 3C are drawings showing the

10 high-low difference, the-length of connecting pipes, and

the diameter of gas connecting pipes relétive to the

viscosity grade of refrigeratiop oil with respect to R410A,

R22, and R32 refrigerants.

i5 BEST MODE FOR CARRYING OUT THE INVENTION
[0019] A refrigeration system of the presént invention
will be described in detail Dbelow with reference to_
illustrated embodiments.
[0020] Fig. 1 is a circuit diagram showing a schematic
20 configuration. of a héat—pump air conditioner as a
refrigeration system according to an embodiment of the
invention, where reference numeral 1 denotes a compressor,
numeral 2 denotes a four-pass switching valve one of whose
ends is Cdnnected to the discharge side of the compressor

25 1, numeral 3 denotes an outdoor heat exchanger one of whose



t hrough the four-pass switching valve 2 while the other end 10 is connected

t'o the suction side of the conpressor 1. The~ air conditionerjgeludas a

tenperature sensor 11 for detecting the discharge pipe tenperature of the
1, a tenperature sensor 12 for detecting the refrigerant

conpr essor
t-enperature of the outdoor heat exchanger 3,_a tenperature 15 sensor 13 for

detecting outside air tenperature, a tenperature sensor 14 for detecting

the refrigerant

sensor 15 for detecting indoor tenperature, a tenperature sensor 16 for
detecting therrdf riiger adinrleRymer atty € tore t bendd Sueli 0B£Si €8e0f rhlie-pass

conpr essor

1, and a control unit 7 for, wupon receiving signals fromthe

tenperature seisonsingl -vadbye copjrohhinagatihe Lomphissyy 1, tﬁgtg?tlﬁgi%hve”

expansion valve 4, and the like. In addition, a closing valve

di'sposed bet wegaridieBiDivard eXPaNSE 00, I / t he i'pdo at
exchanger 5, while a»c|§gfﬁg‘¥¥§gﬁ§e 200% Qnéévg-végaﬁe?gg i§§o§§§ gé?%gen

the i ndoor hedig exenengeobubdoBRd Hdif OUERRATS: SY L ARG 13!y S8y LO02L] AN

outdoor unit 10 is made up of the conpress

valve 25 the i%@&ﬁorhébe@texéiar@@wro%wﬁgge oL L - fL T VSN, EXPRRSLYN

41

t he

10

15

20

25

our - pass SwW tchiig

other end of the motor-driven expansion valve 4, and
numeral 6 denotes an accumulator one of whose ends is
connected to the other end of the indoor heat exchﬁnger 5
through the four-pass switéhing valve 2 while the other end
is connected to the suction side of the compressor 1. The
air conditioner includes a tempefature sensor 11 for
detecting the discharge pipe tempgratu;e Qf-the compressor
1, a tempéréture;sehSor 12‘for-detécting the“réfrigerant
temperature of the outdoor heat exchanger 3, a femperature
sensor 13 for detecting outside air temperature, a
temperature sensor ‘14 for detecting the refrigerant
temperature of the indoor heat exchanger 5, a temperature

sensor 15 for detecting indoor temperature, a temperature

- sensor 16 for detecting the refrigerant temperature on the

suction side of the cémpressor 1, and a confroi unit 7 for,
upon receiving signals from the temperature sensors 11 -
16, controlling the compressor 1, the motor-driven
expansion valve 4, and‘the like. In addition, a closing
valve 21 is disposed between the motor-driven expansion

valve 4 and the indoor heat exchanger 5, while a closing

tenperature of the indoor heat exchanger 5, a tenperature

tyal ve



accunul at or 6,

the control unit 7, the closing valve 21, the closing valve

24, the tenperature sensors 11 - 13, the tenperature sensgg 3}&xe 3@gan
outdoor fan (not shown), while an indoor unit 20 is nmade up of the indoor
heat 10 exchanger 5, the tenperature sensor 14, the tenperature sensor 15,

and an i ndoor f
medi um consi st

an (not shown). [0022] Thegair conditioner uses . a' working
ng of an R32 refrigerant or a m xed refrigerant containing

at least 70 wt% of. the R32, and ponvinyI ether 15 oil (product nodel

nunber: FV46 -
Is 46 -- 82 ¢st

viscosity, which is expressed a

FV 82, nade by Idemitsu 1 '20 Kosan) whose viscosity at. 40C
vel Bg Qﬁﬁ'&i@ﬁos%&ny iﬁ@t%thokhﬁgﬂﬂkteQEhghgggaﬁiC

SO 1IN sec nenat

Viscosity is;/iaspis eflo -t agsgg@fﬁ%ﬁ§§5'¥§§¥g élSCOSIﬁEter i n confornmance

with a kinematic viscosity test

air cond|t|0ﬂﬁ5
four-pass swt

2283- 1 983 [0023] In the
h b f t th
571 DB P o RGP 5L T

in solid |i a the co sor ctivy ted re a h| h 25
June 2004 9nie #hé %ﬂg‘pass f{}) ing 1 ve EU e ontdacy & Haar
5 .exchanger 3, the motorndriven expansion wvalve 4, the

accumulator 6, the control unit 7, the closing valve 21,

the

closing valve 24, the temperature sensors 11 - 13, the

temperature sensor 16, and an outdoor fan (not shown),

whi

le an indoor unit 20 is made up of the indoor heat

10 exchanger 5, the temperature sensor 14, the temperature

sensor 15, and an indoor fan (not shown).

- [CO

22] © The- air conditioner uses . a = working . medium

consisting of an R32 reéfrigerant or a mixed refrigerant

containing at least 70 wt% of the R32, and polyvinyl ether

15 oil

Kos

{product model number: FV46 - FV 82, made by Idemitsu

an) whose viscosity at 40°C is 46 ~ 82 cst. In

addition, «centistokes ([cst] is the unit of kinematic

vis

cosity, which is expressed also in mm?/sec. Also, the

‘kinematic viscosity is measured with a glass capillary

20 vis

cosimeter in conformance with a kinematic viscosity test

method of JIS K2283-1983.

[0023] In the air conditioner of the above constitution,

for

air cooling operation, the four-pass switching valve 2

is switched to a switching position depicted in solid line,

25 cau

sing the compressor 1 to be activated, where a high-



pressure refrigerant discharged fromthe conpressor 1 enters the outdoor
heat exchanger 3 through the four-pass swtching valve'2. 5sEhgme tt®a

rrefri gerant condensed by the outdoor heat exchanger 3 is depressurized by
the notor 5 driven expansion valve 4, and then enters the indoor heat
exchanger 5 through a connecting pipe 22. dThe refrigerant that has
evaporated at the indoor heat exchanger 5 returns to the suction side of
the conpressor 1 through a connecting pipe 23, the four-pass sw tching
valve 2, and 10. the accunul ator 6. Thus, the working nmedi um containing the

R32 refriger pabssuteul akds ilgneuah airRHA@RIANIE KN CUike COSMOBESsSF the.
conpressor 1, the outdoor heat exchanger-3, the notor-driven expansion

-valve 4, theehfdeer HrRatoutdshANHRE LS ShdRAcsupHkaligh &hd NesEbYpass
performng a 15 refrigerating cycle. Then, the indoor air is circulated by’

the i'ndoor'faniELaﬁ&n@th\m)vet‘@pu]gfhéﬁ,e tﬂ@logéfb%@raﬁ?&(ﬂ&ﬂﬂﬂnéd Uher eny

cooling the roomintérior. [0024] As a result of "'examning the reliability

of the conpbggagbﬂﬂﬁké@ee§g%4&&5¥fECHEPtﬂgﬁrgﬁEE?&E@B;?%éOEh&PQm%§Qr—

system by changing the viscosity grade of the polyvinyl r o'l added to,

e AT AL e S L TR
cst as shownghppEhgsr 2A @defh g“é&nhéctfhg'p%éesgg%F The refrigerant
| that has evaporated at the indoor heat exchanger 5 returns
to. the suction side of thé compressor 1 thréugh a
connectihg pipe 23, the four-pass switching valve 2, and
10. the accumulator 6. Thus, the working medium containing the
R32 refrigerant circulates thrbugh. a refrigerant circuit
composed of‘the'compressor'l, the outdoor heat exchanger .3,
the motor—driven éxpansioﬁ  valve 4, the iﬁdoor heat
exchanger 5 and the accumulator 6, thereby perfbrming a
15 refrigerating cycle. Then, the indoor air is circulated by
the indoor fan (not shown) through the indoop heat
exchanger 5, thereby cooling the room interior.
[0024] As a result of examining the reliability of the
compres;or and the COP (Coefficient Of Performance) of the
20 sﬁstem by changiné the‘viscosity gréde of the polyvinyl
ether o0il added to, the R32 refrigerant, the present
applicant has found that favorable properties can be
obtained with the viscoSity at 40°C in a range of 46 - 82

cst as shown in Figs. 2A and 2B. That is, Fig. 2A shows

25 the reliability of the compressor relative to the viscosity



25 the reliability of the conpressor relative to the-viscosity 25 June 2004
_10 grade, while Fig. 2B shows the COP ratio of this systemst gu,d8 St em
using R410A refrigerant relative to the viscosity grade. As shown in Figs.
2A and 2B, when the viscosity at 40Cis in the range of 46 - 82 cst, the
reliability of the 5 conpressor is inpraved and noreover the COP ratio of
the systemis also inproved as conpared with the-systemusing R410A
refrigerant. More preferably, setting the viscosity at 40C of the

pol yvinyl ether oil to within a range of 46 - 68 cst allows the COP of the

systemto begrseitay eklyilld FigtoeBdshbwsaddic icur whielo nbredhhaf kyaekants
containing at least 70 wt% of the R32 refrigerant is used, there is al nost

no differenceisydtheni opinyeranvreiieaatiyerdmtt hee1d @] vabibi theOkilt@sity
‘conpressor and the COP ratio of the system 15 [0025].For conparisons

among t he R4LQAIL ef mgesipsn 1HeriF32 pal Hngerant @Mn’t'BﬁeR%%sE:%fs&it%eraad“,
e

the high-low difference of the indoor unit and the outdoor wunit,

| engt h of thewonnecin Nehdi Penganss the di @ﬁE&EE,Oihteh%e@gabifﬁ‘i{Eﬁg%@ ng,Pi pe

wer e exam ned by experinments with. 'the 20 viscosity grade o

Lﬁf 8 ger at ] %&ﬁﬁyﬁ%éﬁ@“%didﬁ}&@cﬁ aff@5fiorkBGPXAALS BBPS MG, CBET gl out
e system is also improved as compared with the system using
R410A refrigerant. More preferably, setting the viscosity
at 40°C of the polyvinyl ether oil to within a rangé of 46
- = 68 cst allows the COP of the system to_ be éecurely
10 improved. In'addition, when mixed refrigerants containing
at least 70 wt% of the R32 refrigerant is used, there is
: almost no difference'-in the improvement .effects  on the
reliability of the"compreSsbr and the COP  ra£io -of the
system. |
15 [0025] For comparisons among the R410A refrigerant, the
R22 refrigerant and the R32 refrigerant, the high-low
difference of the indoor unit and the outdoor unit, the
length of the connecting pipe, and the diameter of the gas
conngcting pipé‘ were examined by experiments with ' the
26 viscosity grade of the refrigerétion‘oils changed.l In this
case, the experiments were carried out by using polyvinyl
ether oil (product model number: FVC, made by Idemitsu
Kosan) as the refrigeration oil for the R410A refrigerant,

Suniso o0il as the refrigeration o0il for the R22

25  refrigerant, and polyvinyl ether oil (FV) as the



ether oil (product nodel nunber: FVC, nade by Idemtsu Kosan) as the
refrigeration oil for the R410A refrigerant,” Suniso oil as the
refrigeration oil for the R22 25 refrigerant, and pol yvi nyRoeffe® A4 (FV)
as the 25 June 2004 -11 refrigeration oil for the R32 refrigerant, and with
an air conditioner having a refrigerationjpower of 4 - 5 kW As a result
of the experinents, as shown in Fig.. 3A that, anong the R410A, R22 and
R32 refrigerants, the maxi mum high-low 5 difference between the indoor unit
and the outdoor unit decreased with rising viscosity grade of the

refrigerati ofre faiilge reftdicga s thef Xt W NR B gRelrewgdirbher, eneel Rettieem t fer
i ndoor unit and the outdoor unit in every viscosity grade of the R32

refrigerant waadidigelert hawitpse @i riihfe RAOM Ihwad R24refgi gRrams. o
Further, as shown in Fig. 3B, anobng the R410A, R22 and R32 refrigerants,

the maxi mum kepat off e COMELhNGs Pi 59§ kRstaaged mMid.h Joward g amon
viscosity grade of -the refrigeration oil, whereas the maxi num | ength o

the connectitRg RPDHAN BYET ¥n¥ FCOSI Lyrol Qfsth r ant, was
| arger than those of the R410£ and R25¥ re %e%%htghggﬁﬁﬁigﬁﬁ ﬁg@%o&%wln‘

Fig. 3Cg anmppg ftfg%en%loﬁet&gna%é hfnﬁggrr d{%geﬁﬁat Sghd hgu%gbfﬂ:“r%nlt

dlaneter of the gas connecting pipe Increase th rising viscosit
decreased with rising viscosity grade of the refrlgeratlon

0il, whereas the maximum high-low difference between the
indoer unit and the outdoor unit in every viscositf grade
of the R32 refrigerant was larger than those of the R410A
10 and R22 refri‘gerants. Further, as shown in Fig. 3B, among
the R410A, R22 and R32 refrigerants, the maximun 'length of
'the connectlng plpe increased w1th lowering v1scos:Lty grade :
' of the refrigeration 011 whereas the maximum length of the
connecting pipe in every viscosity grade of the R32
15 refrigerant was larger than those of the R410A and R22
refrigerants. Further, as shown in Fig. 3C, among the
R410A, R22 and the R32 refrigerants, the minimum diameter
of the gas connecting pipe increased with rising wviscosity
grade ef the refrigeration oil, whereas the minimum
20 diameter of the gas connecting pipe in every viscesity'
grade of the R32 refrigerant was narrower than those of the
R410A and R22 refrigerants.
[0026] Thus, there can be provided an air conditioner
capable of obtaining sufficient reliability and high COP

25 while global environment problems are dealt with, by using



grade of the refrigeration oil, whereas the mninum 20 di aneter of the gas
connecting pipe in every viscosity grade of the R32 refrigerant was
narrower than those of the R410A and R22. refrigerants. (8D2BIeTHP4 there

can be provided an air conditioner capable of obtaining sufficient

reliability and high COP 25 while gl obaligavironnent problens are dealt
wi th, by using 25 June 2004 -12 a working nedium contai ning the R32 :
refrigerant having a | ow GAP (d obal Warm ng Paraneter). [0027] In
addition, by coating. the winding .of the.stator of the notor for the -

conpressor Wat lvcarkiimpuhading lcay@aidfing ehel @3S Poersebeshed HampANRPNg
crossl i nked- pol yet hyl ene, polyvinyl formal, polyester, polyesterim de,

pol yan de angdowpoivpancdenkll d8-miBat Bakahtstiance of the insulating |ayer
is inmproved and high reliability can be obtained. {0028] Further, by adding

ti f oam t tentheyil | ¥\ Ryl | i d8 41
an anti f oam pgoagent tent By L0,ROI Ky %at@.&%ﬁ@:&%ﬂ glrfﬁe}{?ginf 131#1'3./? ﬁ%‘f‘g@c?r

suppressed, and .- seizure of the conpressor y suc

refrigerant geect@ ﬂaao}omnl@heh%e%%@%o&a%% %rneviq{y@datiﬁkq ffﬁer by¢

addi ng a noi sture suppl enental agent "to the polyvinyl "ether "ol

gregreg?gg on %gr qReELCR,d ARetd b 1PrERVIRENYY AT Gile lp IRy S Fodl]
o polyvinyl formal, polyester, polyesterimide, polyamide and
polyamide imide, weather resistance of the insulating layer

is improved and high reliability can be obtained. '
[0028] Fufther, by adding an antifoaming agent to the
10 polyvinyl ether oil, foamability can be suppressed, and
seizure of the compressor caused by suction of the
_;efrigerant due to a foaming ‘phenomenon can- be prevented.
Fufther, by adding a'umoistﬁre supplemental agent to tﬁe
polyvinyl ether oil, degradation in chemical reaction
15 | caused by an effect of moisture and freezing in portions of
low temperatures can be prevented. Further, by adding an
extreme pressure additive to the polyvinyl ether oil, a
chemical adsorption film is formed on the sliding surface
_ of the compressor by the extreme pressure additive so that

20 the'lubricity of the slidable portion can be improved.
[0028] Further, whereas using a dryer with the R32 for
the purpose 0of eliminating moisture is quite difficult
because of the R32's low molecular weight, using for the
refrigeration oil the polyvinyl ether oil having a property

25 of higher resistance to moisture than other synthetic oils



| ow t enperatures can be prevented. Further, by adding an extrenme pressure
additive to the polyvinyl ether oil, a chenical adsorption filmis forned
on the sliding surface of the conpressor by the extreme prPésdire Z@ditive
so that 20 the lubricity of the slidable portion can be inproved. [0029] -
Further, whereas using a dryer with the R3g2_for the purpose -of
elimnating noisture is quite difficult because of the R32's | ow nol ecul ar
wei ght, using for the refrigeration oil the polyvinyl ether oil having a
property 25 of higher resistance to noisture than other synthetic oils-.25

June 2004 _18uchugk astest 8i10kh13kis0ws an raicone@idicnaneri thdilou @rgeyer
or with a small dryer to be realized. [0030]. Further, by selecting a

pol yvinyl etberwokh whesg11visges ty &e 4QG1i3 W Within the range of 46
-- 82 cst as 5 the refrigeration oil, the high-low difference between the

e 251 53 EoRsOl LonEastgR, U, bedUAARDS PAAAREA, sl SIRI00

pi pes 22, 23 which connect the I or unit ( .
together canybg:8kengabedsoand is! elieh ehfie AraMbalycdlod i, dasseompecting

f
pi pes can be 10 narrowed, as coﬁpared with those usi'ng the R410A

o osant | She) B8 AGLEhILACAY, L0 hl 159180 EREARY between the
' indoor unit 20 and the outdoor unit 10 can be increased,
the connecting pipes 22, 23 which connect the indoor unit
20 and the outdoor unit 10 together can be elongatéd, and
further the diameter of the gas connecting pipes can be
10 narrowed, as compared with those using the R410A
refrigerant or the R22 refrigerant.
- foo31] ,Althopgh the above embodiment -has been described
én an air conditibﬁer as a refrigeration system, -_the.
present invention may also be applied to other
15 refrigeration systems. |
[0032] Further, although an air conditioner usin‘g the
R32 refrigerant has been described as the refrigeration
system in the above embodiment, yet the refrigerant to be
used in the refrigeration.system is not limited to this,
20 and mixéd 'refrigeranté containifxg at ieast 70 wt% of the
R32 may also be used. For example, a mixed refrigerant of
the R32 refrigerant with CO,, which is a mixed refrigerant
containing not less than 70 wt% and not more than 90 wt% of

the R32 against C0,, or a mixed refrigerant of the R32

25 refrigerant and the R22 refrigerant, which is a mixed



on an air conditioner as a refrigeration. system the present invention
may al so be applied to other 15 refrigeratiion systens. [0032] Further,

al though an air conditioner using the R32 refrigerant has 25edinegest4 bed
as the refrigeration systemin the above enbodi nent, yet the refrigerant
to be wused in the refrigeration systemijganot limted to this, 20 and

m xed refrigerants containing at least 70 wto of the R32 may al so be used.
For exanple, a mxed refrigerant of the R32 refrigerant with C02, which is
a mxed refrigerant containing not |ess than 70 wt % and not nore than 90
wt % of the REZrmigpimait COBALaLnangl Xt reéssgenant 70 whe B3 2%ot more
refrigerant and t'he R22 refrigerant, which is a m xed 25 June 2004 -14
refrigerant gy asni Reznel tews AIMNadRimkdo and ROL MR £ri ¢&dn O Onwt, Ypef
the R32 against the R22 refrigerant may be used. 25 June 2004 15 Al VB:
1. A refrigg{gsdd on systemwhi ch uses a working nmedi um conposed of an R32



refrigerant or a mixed refrigerant containing at |east 70 wt % of the R32,
and pol yvinyl ether oil whose viscosity at 40C is 46 - 82 cst.2>JJune3fi0d

refrigeration systemaccording to Caim1, wherein the viscosity of the

pol yvinyl ether oil at 40Cis 46 - 68 gpt. 3. The refrigeration system
according to Claim1l, wherein a winding of a stator of a notor for a

conpr essgj ajiscoated with an insulating layer of at |east one selected from
anong crosslinked-pol yet hyl ene, polyvinyl formal, polyester,

pol yesteri m de, polyam de and polyamde imde. 4. The refrigeration system
accordi nd t o & refrigetstionheystanm which eags  anworkingnyediom acdmposadi o agerR32 a

DI St uUr e gk . ) : . ' o iLhVe i.S

the pol y =R o B ifoQanebrfhin BRIBECATUEE of R R AR he .
conpri si pihwhese dsqosieatd°Cds 46uiBR dsh whi ch a conpressor {1}, a condenser
(3), a deconpressor (4), and an evaporator (5) are connected. in a |oop,

the refrigerating cycle having no dryer for. elimnating noisture in the
refri gerédnt. ®he pefrigératiorosytitern aceordingi tocClainwdy whergimihei visoosibyrpbihecpobivirgh

R32 refriger gkt °Cfisf14é”;é§@str efrigerant containing at |east 70 wt% of the
ether orl v

R32 and polyvi ny whose viscosity at 40Cis 46 - 82 cst, wherein
the air conditioner . has-an indoor unit and an outdoor unit. 7:

A
Lot 11 gor ot L% Terigbnalibe SyiSfeadholihe i ATREL GBS il 4 S 0
R125, apdwéorrim yeomyressrliecoateéd with aniinsylating layeoefi dtyeast ord s€ectbd 46m aBang st .
A ) : o . ) g
R O S T e S R R S R L

R32 conpaelgamide imide.

4, The refrigeration system according to Claim 1, wherein at least one among an
antifoaming agent, a moisture supplemental agent or an extreme pressure additive is
added to the polyvinyl ether oil.

5. The refrigeration system according to Claim 1, comprising:

a refrigerant circuit in which a compressor {1}, a condenser (3), a decompressor (4), and an
evaporétor (5) are connected in a loop, the refrigerating cycle having no dryer for eliminating
moisture in the refrigerant.

6. An air conditioner using a working medium composed of an R32 refrigerant or a
mixed refrigerant containing at least 70 wt% of the R32 and polyvinyl ether oil whose
viscosity at 40°C is 46 - 82 cst, wherein the air conditioner . has an indoor unit and an
outdoor unit. |

7. _ A refrigeration syst'em which uses a working medium composed of a mixed refrigerant
containing at least 70 wt% of R32 and the remaining wit% of R125, and a polyvinyi ether oil
having a viscosity at 40 °C of 46 - 82 cst.

8. A refrigeration system which uses a working medium composed of a mixture of R32
and CO, containing not less than 70 wt% and not more than 90 wit% of R32 compared to
CO, and a polyvinyl ether oil having a viscosity at 40 °C of 46 - 82 cst



CO2 and a polyvinyl ether oil having a viscosity at 40 C of 46 - 82 cst. 25
June 2004 16 9. A refrigeration system which uses a worki ng A2dTdif @88fosed
~of a mxed refrigerant of R32 and R22 ntai ning not |ess than 70 wt % and
not nore than 90 wt%of R32 corrpar ed to R22, and a polyvinyl ether oil

havi ng Vi sc 6 - 82 cst. 10 An air condltl oner which

has a refrig 5?ftr§?fa B’Q\EYSt‘B‘F‘ "Ylh'c YS988 WREK DM eRMPeRed qhadnbied efrigeiaet

of an R3& RefrargeRant caginp@l woti _R¥s RANGD At HRY N0 rdordl && ﬁsga Wit off RELC
air conditioner includes an indoor unit and an

of 46 - 82 cs re

out door ‘iﬂWRafe‘iFPdEQE W%MPH@&%P"&PV@Q%S%M@EW ifgOit%ed4 esthar r ower
than in case Wnere R410A or R22 is used as a refrigerant. 25 June 2004 17
Ref ri ger of Syst e BST vvorkl diumis used _which is conposed of
an RBg rﬁ N ‘?ﬂ"rélgﬁ%”ﬁr Pﬂrﬁcé['dﬁ?%iarfe& %ﬁm E%?rap%f‘n'g%'fwl%ﬂs%ga)ﬁ’%ﬁfg
the R32 rasdium qoaiposedf af RB2 refigeradt aRE peiysmpsdthar it héWr% & Sistsity #2408 of
Thus, eféér‘g?% a]al on stem ca,gabl e of S{é%)mw ng Ile ensurin

suf fi ci e‘{ﬁ WP I @é’l‘i‘?@'dg DeriR¢IHde i”gﬁ?"c:‘dmtt%ﬂqﬁmgugﬁow an

ref ri geraaminimam digmatdr ova@éB dobhedtig pipdisMar@war tidehiake iwheiéd RUHORGr R22

Figure Jis used as a refrigerant.





