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 TECHNICAL FIELD:

[0001] The present invention relates to a refrigeration
system which uses a working medium containing an R32

(chemical formula: CH,F,) refrigerant.

BACKGROUND ART

[0002] For heat-pump refrigeration systems using a

refrigerant, since. HCFC-base refrigerants having larger

ozone-depleting coefficients have became a target of CFC

regulation, an R410A (R32 : R125 = 50 : 50) refrigerant
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 Performance) levels equivalent to that of
an R22 refrigerant-havé 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



25 June 2004 2 the heat exchanger to thereby increase the anount of charged
refrigerant with the resulting cost increased. D SCLOSURE{OGuhEE ¢dMVENTI ON
[ 0003] Therefore, an object of the present invention is to provide a
refrigeration system capable of inpraving the COP while ensuring
sufficient reliability by using a working medium containing an R32

refrigghaptat &@%ﬁbr tb@?é?’léta@ﬁ%&[@th%%uﬁt Jf%%%ﬁ@ﬁg@iehrﬁtuitﬂ b IjeQMﬁﬁ él?%P

there is provi arefr ratron system a working e
conposdacreasedn 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 est. [0005] The present applicant has di scovered through experinents
that a favorable lubricity of the conpressor, a sufficient reliability,

and a %QEL@@EJR@BF%E’IPWI whil e global environnmental problens are

provided for, by using tor the refrigeration systema working nedium which
consists of the | ow GAWP (G obal Warm ng Paraneter) R32 refrigerant free

from qg HAXRK i d 0 Br RS Rnfi&] 6 ah | east 70
56 of 80T IRERRerP St GhocPBr 0 pRsBhHREpiGH i VoREb aretba i ey, °°55 Cot.
Ther ef siepablg etiowarving the CORtwhilefansyingauifisient ietiakility by esingha workingamedium
const i tddhiafHin 5,{@3?@% fart N€ system can be inproved by |owering the
vi scosity at g4OC of t H% pol yvi nyl ether 25 June 2004 - 3
[0004] In accordance with a first aspect of the invention, there is provided a refrigeration
system which uses a working medium composed of an R32 refrigerant or a mixed refrigerant
containing at least 70 wi% 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 deplétion 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



Qil“used‘as refrigeration oil for the R32 refrigerant within a range of 46
- 82 cst that allows sufficient reliability to be obtained, japd fdwer eby

i nproving. ..the nmechanical efficiency of the conpressor. Further, by 5
selecting a polyvinyl ether oil whose viscosity at 40Cis lowwthin the
range of 46 - 82 cst as the refrigeratien3 oil, the refrigeration system

such as a split-type air conditioner having an indoor unit and an outdoor
unit separately can be made |arger in the high-low difference 10 between
the indoor unit and the outdoor unit, larger in the length of the
connecting pPpé thsedcaEmectesrtiggetiidont heili nfioor tini t Re2d rbEroykdaat
unit, and further thinner in the dianeter of the gas connecting pipe, as
conpared wi t Withjst ems mwmigey blfie RE10A Bef rbger atiator alhews22saekhibgenant .
15 [0006] In one enbodi ment .of the present invention, the viscosity of the
pol yvinyl ethelieblilaty40toi sbd6 obflingd! . 400 TEheheedr diRgrbe itk Sthe
enbodi nent, the COP of the systemcan be inproved nore reliably. 20 [0008]
I n one 'enbodecbatiotlt hefpiesentyi YENtiod, comprddyhing of Farghator g§.a

notor for a conpressor is coated wth an insulating |ayer of at |east one
serecteﬂ fromelecting a polyvinyl ether oil whose viscosity at‘40°C is
low within the rénge of 46 - 82 cst as the refrigeration
0il, the refrigeratioﬁ system such as a split-type air
conditioner having an indoor unit and an dutdoof unit
separately can be made larger in the high-low difference
10 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 diametéf of the gas connecting pipe, as éompéred‘ﬁifh'
systems using the R410A refrigerant or the R22 refrigerant.
15 [0006] In one embodiment of the present invention, the
viscosity of the polyvinyl ether oil at 40°C is 46 - 68
cst.
[0007] According to this embodiment, the COP of the
system can be improved more reliably..
20 [0008] In one embodiment éf 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.



anmong crossl
pol yesterim

| nked- - pol yet hyl ene, pol yvinyl fornmal, polyester,
de, polyam de and pol yam de i mde. 25 June 2004 gunéd $8809]

According to the refrigeration systemof the above enbodi nent, by coati

t.he wi ndi ng
I'nsul ati ng’

crossli nked-

of the stator of the notor for the conpressor with an
| ayer of... at |east one sel dcted from anong
pol yet hyl ene, 5 polyvinyl formal, polyester, polyesterim de,

ng

pol yam de and pol yanm de im de, weather resistance of the insulating |ayer
high reliability can be obtained, and | ong- term service can

i's inproved,
be achi eved.

[POO20] | nAeperdabadi henttld trefpresetiomventstom af the

| east one anpbng an antifoam ng agent, a noisture supplenental agent or
extrenme presabp¥eagtiboiaend adedcoabingethel wingyingetdferting | stpoot1pf
According to the refrigeration systemof the .above enbodi ment, by adding

an antifoam

suppr essed,

refrigerant

addi ng a noi
5

10

bheagehort forhehelBopplypeisnyl wethennoihsullediali Liatygrcalf. hée
and sei zure of ‘the conpressor caused by suction of the
eesto ané oass heciphdndienon so@ngbe cppevainéed-pblyhdan ] chy,
sture suppl enental agent to the

polyvinyl formal, polyester, polyesterimide, polyamide and
polyamide imide, weather resistance of the insulating layer
is improved, high reliability can be obtained, and long-
term service can be achieved.

[0010] In one embodiment of the present invention, at

least one among an antifeoaming agent, a moisture

supplemental agent or an extreme pressure additive is added

" to the polyvinyl ether oil.
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[0011] According to the refrigeration Systém,'of "the
above embodiment, by adding an antifoaming agent to the

polyvinyl ether oil, foamability can be suppressed, and

an

seizure of the compressor caused by suction of the

refrigerant due to a foaming phenomenpn can be prevented.
Further, by adding a moisture supplemental agent to the
polyvinyl ether oil, "degradation in chemical reaction
causéd by an effect of moisture aﬁd freezing in portioné of
low temperatures can be preveﬁted; 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

portion can be improved.



pol yvi nyl ether oil, 'degradation in chem cal reaction 20 caused by an
effect of noisture and freezing in portions of |owtenperz uas cam be
prevented. Further, by adding an extrene pressure additive to the

pol yvinyl ether oil, a chem cal adsorgption filmis fornmed on the sliding
surface of the conpressor so that the lubricity of the slidable 25

or es ontOP TR BEen? Bt it Erel A nplt, Bl ool Sl el 8°

Ci r cui tre'frigemnt chicult inariice s SOMpréssed rad@mjenseraa dieecompresssm and antevaporator
evapor at or pnnect ed i

in.a | oop, refrl erat | 5haV|ng no
i yor | 148 CaPReHe N Doho ey BFEeT0 cHHe BB AS AT [ STE=RE8 SR o ¢ he
ref ri gethakreffigeragist em of t he above enbodi nent, by using the polyvinyl ether
oil resistant to noisture and less in degradation for the refrigeration
oil, the dryer can be elimnated, allowi ng a cost reduction and downsi zi ng
of the {egm]emdom:d@toanaramgeiandr{)@kﬂa]m bﬂthamemembsdumehhb@Lsmgqn@lpalwmﬂt of

the inventia dan ,air one nedlum
Coroos it SlrestaliB fopitieind Hnd e 4rdidnstn Sithd it iR o e iyt faenst
70 W %taf elinfinatBd Zallawithgrntost retctiet fat dewdsiavypsiehy bpstomitd ]beabhle'éélﬁ ls 46 -
82 cst, wherein the air conditioner has an indoor unit and an outdoor unit.

[0015] According to the air conditioner having this constitution, the

hi gh- | qaot4jf rrelaemeandeeumaea gdvend nakpect 20 thai invetidni heheret oProvitiidt agan be
'ncreasa?Péondtﬂonlerer&gmg g worklng medium composed of an R32 refrigerant or a mixed
-refrigerant containing at least 70 wit% 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.

[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 wt% 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 wt% 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.



connecting pi pes can be increased, and further the dianmeter of the gas
connecting pipes can be narrowed, as conpared with air cowdighhengss usi ng
the R410A refrigerant or the R22 refrigerant. In accordance with a third
aspect of the invention, there is prowged a refrigeration system which
uses a wor ki ng medi um conposed of a m xed refrigerant contai ning at | east
70 W % @f
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accor dafgfe¥irgh @e is TafoRSPefh B cdsBvhdrs FAIA or RBEVIE dsgd szoé( 'rgﬁger% t.
refrrgeratron s@ Tem whi ch Uses & wor ki ng nmedi um d]
refrigerant of R32 and R22 contai ni ng not | ess than 70 mr@band not nore
than 90 wt % of R32 conpared to R22, and a polyvinyl ether oil having a
viscosity at 40 'C of 46 - 82 cst. 25 June 2004 5a In accordance with a

si xth aspect of the invention, there is provided an air conditioner which
has a refrigeration power of 4 - 5 kWand uses a worki ng nedi um conposed of
an R32 refrigerant and polyvinyl ether oil having a viscosity at 40 8C of
46 - 82 cst, wherein the air conditioner includes an indoor unit and an
outdoor unit, and a mninmumdi anmeter of a gas connecting pipe is narrower
than in case where R410A or R22 is used as a refrigerant.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0016] Fig. 1 is a circuit diagram
showi ng a schematic configuration of an air conditioner &5 d@unef2i@eration
system accordi ng to an enbodi nent of the invention; 5 [0017] Figs. 2A and
2B are drawi ngs showing the reliability of a conpressor and a system COP
relative to the viscosity grade of polyvenyl ether oil in the air

condi tioner; and [0018] Figs. 3A, 3B and 3C are draw ngs showing the 10

hi gh-1ow di fference, the |l ength of connecting pipes, and the dianeter of
gas connecti nigbgi pes relative to the viscosity grade of refrigeration oil

wi th respectBREERABHICRIFDPION (0l RI2 PRAWINGS ants. 15 BEST MODE FOR
CARRYI NG QUT THE I NVENTI ON [0019] A refrigeration systemof the present
i nvention wW90lek desEigbell il detaitcbit odiaptanr ehewénge & oschéhabicat ed
enbodi ments. [0020] Fig. 1 is a circuit diagramshow ng a schematic 20
configurati orenfiguhebiepums akn candi t¢ontitianer kefriagerafrbgesysiem
according to an enbodi nent of the invention, where reference nuneral -1
denot es a comysessocaccondimey ato 2anlemidb@dimedious £ pass mwwawchiag; val ve one of
whose
5 [0017] Figs. 2A and 2B are drawings showing the
reliability of a compressor and a system COP relative to
the wviscosity grade of polyvinyl ether oil 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 relative to the
viscosity grade of refrigeration oil with respect to R410A,

R22, and R32 refrigerants.

15 BEST MODE FOR CARRYING OUT THE INVENTION
[0019] A refrigeration system of the presént invention
will be described in detail below with reference to
illustrated embodiments.
[0020] Fig. 1 is a circuit diagram showing a schematic
20 configuration‘ of a ﬁeatmpump 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 connected to the discharge side of the compressor

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



ends is connected to the discharge side of the conpressor 25 1, nuneral 3
denot es an outdoor heat exchanger one of whose ends is coritedued :@04 he
ot her end of the four-pass swtching valve 2, nuneral 4 denotes a
not or-driven expansion valve one of whose ends is connected to the other
eénd of the outdoor heat exchanger 3, nurerf/al 5 denotes an 5 indoor heat
exchanger one of whose ends is connected to the other end of the
not or-dri ven expansi on valve 4, and nuneral 6 denotes an accumnul ator one
of whose ends is connected to the other-end of the indoor heat exchanger 5
t hrough the £BE8-paSs sapnertad vabvetkRewndtier heerd harf ertthel O fiomreqrazect ed
to the suction side of the conpressor 1. The air conditioner includes a .
t enper at ur e SEASERINY f ralvdet ekt | nyumdmea i séhadgropepe henmpertatrde iofen t he
coyapressor 1, a tenperature sensor 12 for detecting the refrigerant
t enper at ure 6KPEh&lont Yedveheae exchaoger eddsa itsenpanaiciee o t@RS@thkd for
detecting outsi'de air tenperature, a tenperature sensor 14 for detecting
the refrigerant oferiper adutdoof hbeti ecebankeat Xxahangeil 55 achemBer akur e
sensor 15 for detecting indoor tenperature, a tenperature sensor 16 for
det ecti fg t héndebri hendnextboperat vhe oF Whes20 cadet ien contec@bd B the
conpressor 1, and a control unit 7 for,
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 exchanger 5
through the four-pass switching valve 2 while the other end
10 is connected to the suction side of the compressor 1. The
air conditioner includes a temperature sensor 11 for
detecting the discharge pipe temperature of the compressor
1, a temperature sensor 12 for detécting the refrigerant
temperature of the outdoor heat exchanger 3, a temperature
15 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 thke
20 suction side of the compressor 1, and a control 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

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



upon receiving signals fromthe tenperature sensors 11 - 16, controlling
the conpressor 1, the notor-driven expansion valve 4, an®i Jenki k@4 | n
addition, a closing valve 21 is disposed between the notor-driven
expansi on 25 valve 4 and the indoor heat exchanger 5, while a closing 25
June 2004 8 valve 24 is disposed between & he i ndoor heat exchanger 5 and
the four-pass switching valve 2. [0021] An outdoor unit 10 is nade up of
the conpressor 1, the four-pass switching valve 2, the outdoor heat 5
exchanger 3, the notor-driven expansion-valve 4, the accumul ator 6, the
control unitvalve hd4dclissidippedad Bétwethe ttleosimipoml hea?d exddimnger 5
tenperature sensors 11 -- 13, the tenperature sensor 16, and an out door
fan (not showd ,thewhidwergresndoortaining 2kive made up of the indoor heat 10
exchanger 5, the tenperature sensor 14, the tenperature sensor 15, and an
i ndoor fan (iX2khown)An [@22%oFhenatr 100ndi thafer uBSeT athe WObkHPEsEBEI um
consisting of an R32 refrigerant or ‘a m xed refrigerant containing at

| east 70 wt %,of ttthe R3r-patspobyiiceylingt hea1¥e opl (phedushtapgdel nugher:
FV46 - FV 82, made by Idemtsu -

) 5 -exchanger 3, the motor-driven expansion wvalve 4, the
accumulator 6, the control unit 7, the closing wvalve 21,
the closing valve 24, the temperature sensors 11 - 13, the
temperature sensor 16, and an outdoor fan (not éhown),
while an indoor unit 20 is made up of the indoor heat

i0 exchanger 5, the temperature sensor 14, the temperature
sensor 15, and aﬁ indoor fan (not shown}.
{0o22] - Th¢  air conditioner .uses . a ' working . medium
‘consistiﬁg' of an Réz"réfrigerant or é mixed fefrigerént
containing at'least 70 wt% of the R32, and polyvinyl ether

15 oil (product model number: FV46 - FV 82, made by Idemitsu
Kosan) whose viscosity at 40°C is 46 - 82 cst. In
addition, centistokes [cst] is the unit of kinematic
viscosity, which is expressed also in mm?/sec. Also, the
_kinematic viscosity is measured with a glass capillary

‘20 viscosimeter in'conformance with a kinematic viscosify tést'
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 causing the compressor 1 to be activated, where a high-



Kosan) whose viscosity at 40Cis 46 - 82 cst. In addition, centistokes
[cst] is the unit of kinematic viscosity, which is expresseduaesdith
m/ see. Al so, the . kinematic viscosity is neasured with a glass capillary
20 viscosinmeter in conformance with a kinematic viscosity test nethod of
JI'S K2283-1983. [0023] In the air conditi8ner 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 causing the conpressor 1 to
be activated, where a hi%h.pressure refrigerant discharged fromthe
conpressor 1PTERPEFS t FELsLP8E8Pthedl sehahdrgder IB30MNr igh chBPTEFSOFasd
swi tching valve' 2. Then, the refrigerant condensed by the outdoor heat
‘'exchanger 3 PBLEEFr édureledpdy heet nerchabgeri entlwsgagisi thevflove-pasand
then .enters the indoor heat exchanger 5 through a connecting pipe 22. The
refrigerant SYhABEhhAS &edyer &-ed Tienhdhandoafr hgeramik chandgens&dr byurthse
to. the suction side of the conpressor 1 through a connecting pipe 23, the
four - pass swPHERPAY Vdafke 2xchadgt® theiascolrptegsurizedhby, the wortkirrg
medi um contai ning the R32 refrigerant circulates through a refrigerant
circuit5 conpséednoexpaasiomprssisor 4, thd thedoemtereattiexchadger- deat
exchanger 5 through a connecting pipe 22. The refrigerant
that has evaporated at the indoor heat exchanger 5 returns
to. the suction side of the c¢ompressor 1 through a
connectihg pipe 23, the four-pass switching valve 2, and
10 the accumulator 6. Thus, the working medium containing the
R32 refrigerant circulates through a refrigerant circuit
composed of the'compressor_l, the outdoor heat exchanger .3,
the motor-driven expansion valve 4, the indoor heat
exchanger 5 and the accumulator 6, thereby performing a
15 refrigerating cycle. Then, the indoor air is circulated by
the indoor fan (not shown) through the indoor heat
exchanger 5, thereby cooling the room interior.
[0024] As a result of examining the reliability of the
compressor and the COP (Coefficient Of Performance) of the
20  system by changing the viscosity grade 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



the notor-driven expansion valve 4, the indoor heat exchanger 5 and the
accunul ator 6, thereby performng a 15 refrigerating cycl e25 Thee 206&
i ndoor air is circulated by the indoor fan (not shown) through the indoor
heat exchanger 5, thereby cooling the roominterior. [0024] As a result of
examning the reliability of the conpred8or and the COP (Coefficient of
Performance) of the 20 system by changing the viscosity grade of the
pol yvinyl ether oil added to, the R32 refrigerant, the present applicant
has found that avorapﬁezgroperties can' be obtained with the viscosity at
40C in a raftfér MLl igsi2Bsshewentha EPEs rathcand Misrharsten Fg.
2A shows 25 the reliabi]ity of the conpressor relative to the vjscos[ty_25
June 2004 _Fo SR Whire REY0A2BeSKRbUsTRRE CePatdwieo tof the svbysoshtyo a
system using R410A refrigerant relative to the viscosity grade. As shown
in Figs. 2AYREB, Atheliawe Vi sBb3s ¢ y2At and02B, i yhien ttie reimppoityéat 82
cst, the religbility of the 5 conpressor is inproved and noreover the COP
rati o of thé0 &ydtsern ¢he s@ngmdy e as &Pommiredhe tielied Siisteno fisthg
RA10A refrigerant. Mre preferably, setting the viscosity
5 - compressor 1s improved and moreover the COP ratio of the
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 range of 46
- ©8 cst allows the COP of the system to be securely
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 compressor and the COP ratio 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
connecting pipé were examined by experiments with "the
20 viscosity grade of the refrigeration oils changed. 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 oil for the R22

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



at 40' C of the polyvinyl ether oil to within a range of 46 - 68 cst allows
the COP of the systemto be securely 10 inproved. In additjon, whern m xed
refrigerants containing at least 70 wt% of the R32 refrigerant is used,
there is alnobst no difference -in -the inprovenment effects. on the -
reliability of the conpressor and 'the €3R ratio of the system 15 [00251
For conparisons anong the R410A refrigerant, the R22 refrigerant and the
R32 refrigerant, the high-low difference of the indoor unit and the
outdoor unit, the Ilength of the connecting pipe, and the dianeter of 'the
gas connect FRETRIpERHEPE eidnitedd he Rdferiakrideranty. anhevbbhvascadity
grade of th e refrigeration oils changed. In this case, the experinents
were carri edcebéipjonsrnhapongvienyeiréghsatoph ppreduet dodelS kifvbeRs BVC,
made by ldemitsu Kosan) as the refrigeration oil for the R410A
refrigerant, resahtsofoitheasxmies imeitisgeraat ishowi | i oFighe3R2phas, among
refrigerant, and polyvinyl ether oil (FV) as the 25 June 2004 -11
refrigeratiohheiR4ﬂ@ﬂﬂfﬂ?Z{HmdeRBzgemdmdgemmmEMJftkﬂlm@ximumndﬁghemew
having a refrigeration power of 4 - 5 kW As a -

5 difference between the indoor unit and the outdoor unit
decreased with rising viscosity grade of the refrigeration
0il, whereas the maximum high-low difference between the
indoor unit and the outdoor unit in every viscosity grade
of the R32 refrigerant was larger than those of the R410a

10 and R22 refrigerants. Further, as shown in Fig. 3B, among
the R410A, R22 and R32 refrigerants, the maximum length of

'the connectlng plpe increased w1th lowering v1sc051ty grade'

" of the refrigeration 011 whereas the maximum length of the
connectlng 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 gaé connecting pipe increased with rising viscosity
grade of the refrigeration oil, whereas the minimum

20 diameter of the gas connecting pipe in every viscosity

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 CoOP

25 while global environment problems are dealt with, by using



result of the experinents, as shown in Fig.. 3A that, anong the R410A. R22
and R32 refrigerants, the maxi mum high-low 5 difference bqﬁ; etgﬁb{ndoor
unit and the outdoor unit decreased with rising viscosity gradé o he
refrigeration oil, whereas the maxi mum hi gh-low difference between the

i ndoor unit and the outdoor unit in every®3dsscosity grade of the R32
refrigerant was |arger than those of the R410A 10 and R22 refrigerants.
Further, as shown in Fig.-3B, anobng the R410A, R22 and R32 refrigerants,

t he maxi num | ength of .the connecting pipe increased with | owering ‘

vi scosity grad¥oskipge nediiyeraptaanany, thieerRIR wed niweinauh | keargihg ol t he
connecting pipe in every viscosity grade of the R32 15 refrigerant was
| arger than 1PEsEWBf (Ehebrl10armidg RRa2reeetegerants. Further, as shown in
Fig. 3C, annn& the R410A, R22 and the -R32 refrigerants, the m ninum _
di amet’'er of {19#@2¢hs cohneaddhgipnpebincoehsed thehwinding wiscthsi yatgtrade
of the refrigeration oil, whereas the m ninum 20 di aneter of the gas’
connecti ng pPpetha mobey foscobet gomgradsonfwihke RA2inetilagéngnlawas of
narrower than those of the R410A and R22, refrigerants. [0026] Thus, there
can be providedlenssi pneondiltdaieer fmoapanhengf cobsal hhkgdspbliiyetantene,
reliability and high COP
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
refrigerant due to -a foaming phenomenon can-be prevented.
Further, by adding a moisture supplemental agent to the
polyvinyl ether o0il, degradation in chemical reaction
i5 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.
[0029] Further, whereas using a dryer with the R32 for
the purpose 'of 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



25 whil e global environnment problens are dealt with, by using 25 June 2004
-12 a working nedium containing the R32 refrigerant havingE@J-hQWQ&MP
(d obal WArm ng Paraneter). [0027] In addition, by coating thg'mﬁndlng
of .the stator of the notor for the conpressor with an insulating |ayer of
5 at |east one selected from anong crosski3nked- pol yet hyl ene, pol yvi nyl
formal, polyester, polyesterimde', polyam de and polyam de im de, weather
resi stance of the insulating layer is inproved and high reliability can be
obt ai ned. [0028] Further, by_adding an antifoam ng agent to the 10
pol yvi nyl et ReFRopf efbakedllidllewn e alpprendbbionnn witheouteaoflryhe
conpressor caused by suction of the refrigerant due to -a foam ng
phenonenon c@h Yibk prepehl edryeFukeHee, reglizeing a noi sture suppl enent al
agent to the gol vinyl ether oil, degradation in chem cal reaction 15
caused by anl@PBett of Fubtkenrebunseleceimnngaipobpvinphsether| ol whose
tenperatures can be prevented. Further, by adding an extrene pressure
addi tive to Yhecesiyviayl 4ef@eisoldy withbenikel raxgerpfi 46 i Bf cstf asned
on the sliding surface of the conpressor by the extrene pressure additive
so t hat5b the refrigeration o0il, the high-low difference 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 outdoof unit 10 together can be elongated, and
further the diameter of the gas connecting pipes can be
io narrowed, as compared with those using the R410A
refrigerant or the R22 refrigerant.

- [0031] - . Although the above embodiment has been described
on an air conditioner as a refrigeration system, the.
present invention may also be applied to other

15 refrigeration systems.
[0032] Further, although an air conditioner using 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 nmixed fefrigerants containing at least 70 wt% of the
R32 may also be used. For'example, a mixed refrigerant of
the R32 refrigerant with C0Q,, which is a mixed refrigerant
containing not less than 70 wt% and not more than 90 wt$% of

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

25 refrigerant and the R22 refrigerant, which is a mixed



20 the lubricity of the slidable portion can be inproved. [0029] Further,
whereas using a dryer with the R32 for the purpose of ellﬂigﬁ$bngoﬂplsture
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

hi gher resistance to noisture than otherl4ynthetic oils 25 June 2004 -13
such as ester oil allows an air conditioner without a dryer or with a snal
dryer to be realized. [0030] Further, by ' selecting a pol yvi nyl et her oi
whose viscosity at 40Cis |OM/MAthIn the ran -- 82 ¢st as 5 the
refrigerati 5r?f&)g-lger@ﬁ’é? H ¢k ?WWfF@Fe&@ésbe n7{3hé"t f¥or RAki OXE and
the outdoor unit 10 can be increased,. the caonnecting pipes 22, 23 which
connect t he thadodt0 uRF¥ 0BothRdRoRe asiaidsdr the tR49 £84ELHEFaRANTGY De

el ongated, and-_further the dianeter of the.gas connecting pipes can be 10
narrowed, a$SE¢hpared with those using the R410A refrigerant or the R22 _
refrigerant. [0031] Although the above enbodi ment has been described on an
air conditioner as a refrlgeratlon system the present invention nmay al so
be applied to other



15 refrigeration systens. [0032] Further, although an air conditioner using
the R32 refrigerant has been described as the refrigeratipon  sysigmin the
above enbodinent, yet the refrigerant to be used in the refrigeration
systemis not limted to this, 20 andsm xed refrigerants containing at

| east 70 wt % of the R32 may al so be used. For exanple, a m xed refrigerant
of theg ﬁngefrlgerant with CO21 which is a mxed refrigerant containing
not Iess than 70 wt % and not nore than 90 wt % of the R32 against C02, or a
m xed refrigerant of the R32 25 refrigerant and the R22 refrigerant, which
is a niked 25 roligerafionsystem whichi yesar wWoBGIMAdiINGN neemMpesas t ofarary OR#R % and

t t sed.
05 sunceskioP 4 WiGderiodfritienBRilgailedoR 705% Sahe HR2) A pdR Binel

medi um@bh"pﬂﬁ?é’@céﬁl%ﬂ‘ﬁé@s‘ﬂ?efﬁ?g@r ant or a mxed refrl gerant containing at
| east 70 wt % of the R32, and pol yvinyl ether oil whose viscosity at 40Cis

46 - 82 cst.
2. The refrigeration system according to Claim 1, wherein the viscosity of the polyvinyl

ether oil at 40°C is 46 - 68 cst.

2. The refrigeration system according to Claim 1, wherein 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.

3. 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.

4, The refrigeration system according to Claim 1, comprising:

a refrigerant circuit in which a compressor {1}, a condenser (3), a decompressor (4), and an
evaporator (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 wi% of the R32 and polyvinyl ether ocil whose
viscosity at 40°C is 46 - 82 cst, wherein the air conditioner . has an indoor unit and an
outdoor unit.

7. A refrigeration system which uses a working medium composed of a mixed refrigerant
containing at least 70 wt% of R32 and the remaining wt% of R125, and a polyvinyl ether il
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 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



2. The refrigeration systemaccording to Claim1, wherein the viscosity of
the polyvinyl ether oil at 40Cis 46 - 68 est. 2 The refyd gghati@yn system
according to Claim1l, wherein a winding of a stator of a notor for a
conpressor is coated with an insulating | ayer of at |east one selected from
anong crosslinked-pol yethyl ene, polyvinyl formal, polyester,

pol yesteri mﬁ%fnd&?éﬁ{ﬁmﬂ?en@ﬂﬁ]ch B%é’ﬁ%ﬁ@nd fRedieim &rmﬁ&@d BP% FhiRRy r%?r FhrﬁySt em

according to Caim1l, wherein at |east one anong ant1 foamn a

moi st urd BedFAnEnBA2 Aonteiing net less tBap rT&TM%r@%%@Pb "&Q!I@Ilfhﬂﬂ'éaol wtd andB@Zt 0
the pO'deﬁﬂ%Yéd RIRES aflla poﬁ/vm-yh@chéreéllrﬂeﬂrﬁfgaé Wl%sﬁyétt-ﬁfrba&‘ql J CQZQ% to daiml,
conprising: a refrigerant cifcuit in a conpressor a condenser
(3), a deconpressor (4), and an evaporator (5) are connect ed in a | oop,

the refqd our alri dBdRYEdrewiiaN iHAS & PeffbMBliod BoWE! bﬁunas'm and0 s U4 Gy rl'an he

refrigerant. 6. An air conditioner using a working nmedi um conpose
R32 r efPEYUNLRMAgEedof 3n R32 refdgarantansdmoneimt elher sihaying Qe‘é!§<t'05¢ﬁ atnﬁ%@fof t he

R32 anch@%ﬂé’dt%er@iﬁhﬁé ainJ)ndi‘ﬁH?r%?:ncMH§§9ﬁirﬁiﬁo@ﬁm% éd'?od’(@oor B, éiﬁf wher ei n

the air conditigner . has an indoor unit and an oor unit.

r ef ri get BNIHHMsjameler aha 8as garnectindpipr ﬂsh@;arr@ﬂtﬁrmﬁrtla 7966 uierst R4 Qﬁ serea22
refrigesasdd asandfAbdtaRg at | east 70 wt% of R32 and the remai ni ng wt % of
R125, and a polyvinyl ether oil having a viscosity at 40 C of 46 - 82 cst.
8. Arefrigeration systemwhich uses a working nedi um conposed of a m xture
of R32 and CO2 containing not Iess than 70 wt % and not nore than 90 wt % of
R32 conpared to



CO2 and a polyvinyl ether oil having a viscosity at 40 C of 46 - 82 cst. 25
June 2004 16 9. A refrigeration systemwhich uses a working pgdiumeonposed
of a mxed refrigerant of R32 and R22 containing not |ess than 70 wt % and
not nore than 90 wt % of R32 conpared17o R22, and a pol yvinyl ether oil
having a viscosity at 40'C of 46 - 82 cst. 10. An air conditioner which has
a refrigeration power of 4 - 5 R¥frijfates&yseemyor ki ng nedi um conposed of an
R32 refrigerant and pol yvinyl ether oil having a viscosity at 40 8C of 46
- 82 cst, wherein the air conditioner includes an indoor unit and an
outdoor unit, and a m ni rum di anet gagsyRACPasS connecting pipe i s narrower
than in case where R41 OA or R22 is used as a refrigerant. 25 June 2004 17
Ref ri gerator System ABSTRACT A working nmediumis used which is conposed of

an KA %fﬂl@emaahmg uBed iR i Gifibdet & b ROOMMESHERDor! mh@asLirglralt % Of
€ Vi SCosSi cs

Thus. acqnalrmn@% st et B3R 26H & RS Bor Silpgse irosly elipings -
suffici sm&st TEhd @bbirlbbbétlﬁwerﬁ c&ﬁétﬂé ng .m%wwapmﬁ WHb r@ms@ﬂné‘\’%%frc.ent

refrlger? havi ng a |.ow Vr mn araneter) is [\DNOVI
Figure '@ iability using a working medlum containing an R32 refrigerant having a low GWP (Global

Warming Parameter) is provided.

Figure 1



