1 22 Cctober 2004 REFRI GERATI NG APPARATUS TECHNI CAL FI ELD [ 0001] The
present invention relates to a refrigerating apparatus that enploys an HFC
(hydrof | uorocarbon) refrigerant. BACKGROUND ART [ 0002] Recently, there have
been energetically devel oped refrigeragi ng apparatuses th LPogdn HFC
refrigerant in place of an HCFC (hydrochl orof | uorocar bon) ?%f(rgggerant.a As

t he above-nenti oned HFC refrj , r r 407C (m xture refrigerant
of HFC32, HFC125 and HFClSW%E&Wﬁ‘%W%ﬁgfrigerant of HFC32 and
HFC125) and the |ike. However, the above-nentioned R407C and R410A
refrigerants have high global warm ng effects although they take no ozone

di srupt| ' d the refrigerants have the drawback of poor cooling
ef fici et%@“ﬁﬁ&éegﬁwgerati ng apparatus since their coefficients of
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that of the R407C and R410A refrigerant and has a high coefficient of

BACKGROUND ART

[0002] Recently, there have been energetically developed refrigerating apparatuses
that employ an HFC refrigerant in place of an HCFC {(hydrochlorofluorocarbon) refrigerant.
As the above-mentioned HFC refrigerant, there are R407C (mixture refrigerant of HFC32,
HFC125 and HFC134a), R410A (mixture refrigerant of HFC32 and HFC125) and the like.
However, the above-mentioned R407C and R410A refrigerants have high global warming
effects aithough they take no ozone disrupting action, and the refrigerants have the
drawback of poor cooling efficiency in a refrigerating apparatus since their coefficients of
performance are low.

[0003] Accordingly, there is recently proposed a refrigerating apparatus that employs
a single substance of R32 (difluoromethane) or an HFC refrigerant that has a principal
ingredient of R32. The substance of R32, which has a lower global warming effect than that

of the R407C and R410A refrigerant and has a high coefficient of



2 22 Cctober 2004 performance, inproves the cooling efficiency of the
refrigerating apparatus. 10004] However, in the refrigerating apparatus
that enploys the R32 refrigerant, a tenperature when the refrigerant is
di scharged from a conpressor during a @onpression process $eg grgggut
20C hi gher than a tenperature when the R407C refrigerant is enployed, and
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PEN have hydrolyzability. Therefore, when the compressor is the type that has a built-in

motor, the insulating film is rapidly deteriorated as a consequence of the promotion of

hydrolysis due to moisture in the refrigeration circuit by the high temperature of the

compressor that employs R32. This consequently causes a problem that the insulation of

the motor is destroyed and the compressor breaks down. The present inventor discovered

the fact that the aforementioned problem exists when the refrigerant having a principal

ingredient of R32 and the compressor having the built-in motor are employed.



(pol yet her ether ketone), which do not cause hydrolysis and have a high
heat proof tenperature, are enployed for the insulating film whereas there
occurs the problenms of cost increase and degradation of productivity due
to hardness. DI SCLOSURE OF THE | NVENTI @N [ 00061 Enbodi nent 20bctbber Jmoesent

i nvention provide a refrigerating apparatus, in which the insulating film

of a COfFREFSOr Mphigrrdubld '&%é@%?'dé@uﬂ%eﬁ@@%ﬁgl Megﬁfeﬁéaéllufdet  Yor %EERO‘“

causi ng hydrol ysis even when a refrigerant havi I nci pal 1 ngredl ent of

R32 is ﬁ;ﬁ%h‘%}‘ e&thett f&@fo‘ﬁéﬁrwﬁéﬁ‘l&d r}%tséai‘x%e?mﬂ |§“a'11?10?|a9é 4 tbﬁ rpq{etag;ng@nce.

[0007] I'n"accordance Wt first aspect o e 1 nvention, ere |
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condenser, an expansi on nechnant sm an an evaporator, conpri si

refri geirné#?efasééﬁd Hgg@dﬁfdnrﬂ?'ppcﬁiuchﬂ@ro%@'tgHérd?nfes&l.?32 and a_refri ger at ing

machi ne oil having a saturated nolr'sture anmount of 5000ppm or nore at a
tenperature of 30'C and a relative humdity of 80% the conpressor
including a built-in notor, and the notor having an insulating film nmade

of a popisEIo$EREDE PAE |N0§Ntﬁtﬂ§ ester |inkages. [0008] According to the
above refrigerating apparatus, the refrigerating machine oil has

hygroscgpog] tY ang@bsipidats BPinet peSertinldMiioh §irbvige %alte'fﬁﬁéré%lnbcéﬁﬁarm | lﬁ

circulating through the refrigeration circuit. Therefore, éven If

amount  gficMake nshidtiRg P 805 ReMApRY‘sbM@otor is inexpensive and has good processablhty
without causing hydrolysis even when a refrigerant having a principal ingredient of R32 is
employed, therefor assuring stable maintenance of its performance.
[0007] in accordance with a first aspect of the invention, there is provided a
refrigerating apparatus having at least a compressor, a condenser, an expansion mechanism
and an evaporator, comprising: a refrigerant having a principal ingredient of R32; and a
refrigerating machine oil having a saturated moisture amount of 5000ppm or more at a
temperature of 30°C and a relative humidity of 80%, the compressor including a built-in
motor, and the motor having an insulating film made of a polymer resin that includes ester
linkages.
[0008] According to the above refrigerating apparatus, the refrigerating machine oil
has hygroscopicity and absorbs moisture in the refrigeration circuit while circulating through
the refrigeration circuit. Therefore, even if the amount of water to be absorbed by the
insulating film of the motor is decreased and the refrigerant having the principal ingredient of
R32 comes fo have an elevated temperature during the compression process to cause the
elevated temperature of the compressor, the insulating film is hard to hydrolyze. That is, the

insulating film is hard to deteriorate, and therefore, the refrigerating apparatus can stably

maintain its perfermance.



insulating filmof the notor is decreased and the refrigerant having the
principal ingredient of R32 cones to have an el evated tenperature during
t he conpression process to cause the elevated tenperature of the
conpressor, the insulating filmis hargd to hydrolyze. That dspcthbé 2004
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moisture in the refrigeration circuit is stably maintained. Therefore, the performance of the
refrigerating apparatus is stabilized, preventing the deterioration of the insulating film for a
long term. Moreover, the innate jubricating function is also stably maintained, and therefore,

the performance of the refrigerating apparatus is stabilized.



5 22 October 2004 [00111 According to a further preferred enbodi nent of a
refrigerating apparatus, the insulating filmof the notor is conprised of
pol yet hyl ene terephthal ate or polyethylene naphthalate. [0012] According
to the above refrigerating apparatus, ghe noisture in the %qu, hElerinis 0N
circuit is absorbed by the refrigerating machine oil. There &bg&%h
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the perfor r? e of the refrigerating apparatus is stabilized. [0013]

Accor di H@Dhtﬂba%{ further preferred enbodi ment of a refrigerating apparatus,
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film is hard to deteriorate, and therefore, the breakdown of the compressor is avoided, and
the performance of the refrigerating apparatus is stabilized.
[0013] According to a further preferred embodiment of a refrigerating apparatus, the
refrigerant contains 70 wi% or more of R32.
[0014] According to the above refrigerating apparatus, the moisture in the
refrigeration circuit is absorbed by the refrigerating machine oil despite that the refrigerant
that contains 70 wt% or more of R32 comes to have an elevated temperature in the
compressor. Therefore, the insulating film of the motor of the compressor is hard to

hydrolyze. That is, the insulating film is hard to deteriorate, and therefore, the breakdown of

the compressor



6 22 October 2004 is avoided, and the performance of the refrigerating
apparatus is stabilized. [00151 According to a further preferred enbodi nent
of a refrigerating apparatus, the refrigerant is substantially conprised
of a single substance of R32. [0016] Agcording to the aboveJ@fktb&Sigyy N9
apparatus, the noisture in the refrigeration circuit is absorbed by t
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of the QUH,A,-& tJ) r?')y% y%e. 0Fha’t is, the insulating film is hard to deteriorate, and therefore, the

breakdown of the compressor is avoided, and the performance of the refrigerating apparatus

is stabilized.

[0017] According to a further preferred embodiment of a refrigerating apparatus, the

refrigerating machine oil has a saturated moisture amount of 5000 ppm or more at a

temperature of 30°C and a relative humidity of 80%.

[0018] According to the above refrigerating apparatus, when the refrigerating

machine oil has a saturated moisture amount of 5000 ppm or more at a temperature of 30°C

and a relative humidity of 80%, according to one experimental example, the tensile strength

retention rate of PET or PEN that serves as the insulating film of the built-in motor of



7 22 Cctober 2004 the conpressor becones 50% or nore. That is, this
refrigerating machine oil avoids deterioration of the insulating film by
mai ntai ning the strength of the insulating film Therefore, the breakdown
of the conpressor is avoided, and the performance of the refdL@gsddoag
apparatus is stabilized. [0019] According to a further preferred enbodi nent
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has hygroscopicity, absorbs the moisture in the refrigeration circuit to avoid the hydrolysis of
the insulating film of the built-in motor of the compressor. That is, the breakdown of the
compressor is avoided by preventing the deterioration of the insulating film. Moreover, the
polyvinyl ether oil, which is stable with respect to water, stably keeps a water absorbing
function and a lubricating function. Moreover, the polyvinyl ether oil, which has a miscibility
to R32 that serves as a refrigerant, satisfactorily takes the lubricating function effect without
causing the inconvenience of two-phase separation or the like. Furthermore, the polyvinyl
ether oil, which has good electric insulating property, is suitable for the compressor with the

built-in motor. Therefore, by using



the polyvinyl ether oil for the refrigerating machine oil, the performance
of the refrigerating apparatus is stabilized for a long term BRI EF
DESCRI PTI ON OF THE DRAW NGS [0021] Fig. 1 is refrigeration circuit diagram
of a refrigerating apparatus accordinggto an enbodi nent ofao4 AgoBeesat

i nvention; and 10022] Fig. 2 is a graph showing a relation between the

hygr oscppi Ci f leyvinyl il e refrigerating.
machi mett8 rorppP e B e B erioBlel nichirERl, M e apBnhe of kRElMdng, ¢ e
strengt ' £ d PEN that serve as the insulating film of
the bui %éﬁtﬁ%%@m@%ﬁﬁg 19555?@2sor. BEST MODE FOR CARRYI NG OUT THE
| NVENTI ON [ 0023] The present invention will be described in detail bel ow on
the basis of the enbodinents thereof shown in the drawings. [0024] Fig. 1

is a reéhlgg EES. Pﬁidl\FB tTI-fE Bﬂth an air conditioner that serves as one
; tPe rbg?rlgera!:

exanple o i ng apparatus of the present enbodinment. This
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2, an expansion ne hani sm at “exc an orts

connect éﬁi)gm\gg&wﬁ%}?d tﬁgﬁre%eaﬁn%i@l‘ap%ndzom conpressor 1 has a conpressing
section and a burlt-rn notor or driving the conpressing
[0022] Fig. 2 is a graph showing a relation between the hygroscopicity of a polyvinyl
ether oil employed as a refrigerating machine oil for use in the refrigerating apparatus shown

in Fig. 1 and the strength retention rate of PET and PEN that serve as the insulating film of

the built-in motor of the compressor.

BEST MODE FOR CARRYING OUT THE INVENTION

[0023] The present invention will be described in detail below on the basis of the
embodiments thereof shown in the drawings.

[0024] Fig. 1 is a refrigeration circuit diagram of an air conditioner that serves as one
example of the refrigerating apparatus of the present embodiment. This refrigeration circuit
includes a compressor 1, an outdoor heat exchanger 2, an expansion mechanism 3, an

indoor heat exchanger 4 and a four ports connection valve 5. The



section 7. The notor 8 operates in an atnosphere of a refrigerant and a
refrigerating machine oil. An insulating filmis arranged between the
phases of coils and lam nate steel plates (which are not shown) of the
motor 8 in order to maintain insulatiog between them Thi spd 8sidbatdgag fil m
has hydrol yzability and is nmade of PET or PEN, which can easily be

process ] i . ah-A " i Gh SS refrigerant
Gas. di compissarrra = fortbregeind bl AT Ba L Relts S PUREREER sBBpordEe
exchanggl ... X d Y Xpansi [ : p ed by th
ndoor FEtPn o o PR ERRe, RREraUE BERY odRERe B A hedia AN L BB
ports c ian 3 ] i Lh_ 1 depr,i ved
o the. Paaie o AEi¥ et hih s Fisop Befitehde shefarn e rtRaiiRy over
the fou o i val [ . Lo 1S he heat of
condenséllta F%M%Pn%ggﬁg%h%n o%rtKﬁéT?ﬁtorteggrhgﬂ%g?& E?d é@talg 'Egﬁ%}eoﬁg%érmeﬁgq ﬁ?eg"to be
not ed that el e of i af J f i.on, .nay. _he i.ded
by erou g R AT, pidh Ry B % B PRT AR PR el ben
Fig. 1.,/00 In the present enbodi nent, a single substance of R32 is

enpl oye% as a refrigerant, and a polyvinyl ether oil 10 22 Oct ober 2004
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the compressor 1 is condensed by the outdoor heat exchanger 2, expanded by the

expansion mechanism 3, evaporated by the indoor heat exchanger 4 and fed back to the
compressor 1 via the four ports connection valve 5. In the above course, the indoor air is
deprived of the heat of evaporation to cool the inside of the room. By changing over the four
ports connection valve §, the indoor air is heated by the heat of condensation using the
indoor heat exchanger 4 as a condenser. It is to be noted that either one of the cooling or
heating function may be provided by removing the four ports connection valve 5 from the
structure shown in Fig. 1.

[0026} In the present embodiment, a single substance of R32 is employed as a

refrigerant, and a polyvinyl ether oil



absorbs the noisture that has entered the refrigeration circuit during the
manuf acturing and constructing processes of the conpressor and the
refrigerating apparatus. On the other hand, the single substance of R32
has a tenperature being about 2011C higher than that of the capN&tdpgnal
R407C refrigerant V\,hen di scharged fromthe corrpr essor 1, and therefore,
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which is made of PET or PEN provided for the motor 8 of the compressor 1, is hard to
hydrolyze even in the compressor 1 at an elevated temperature despite that it is a
hydrolyzable resin. Therefore, the insulating film does not deteriorate to maintain the
insulation of the motor 8. Therefore, the breakdown of the compressor 1 is avoided, and
consequently the performance of the air conditioner can be stably maintained.
[0027] The hygroscopicity of the polyvinyl ether oil has a correlation to the sirength

retention rate of the PET and PEN. Fig. 2 shows a relation between the saturated moisture

amount of the polyvinyl ether oil at a temperature



rate after imersion in a mxed liquid of the single substance of R32 and
the polyvinyl ether oil at a tenperature of 140'C for 500 hours. As is
apparent fromFig. 2, if the saturated npisture amount of the pol yvinyl
ether oil is increased, i.e., if the mpisture absorption amBuftiobiigjode t he
refrigeration circuit by the refrigerating machine oil is increased when

t he amouny .. -of isture enteri he,insid f the refrigeration_.circuit
has a c?)fﬂiq grﬁn a%% ve "ﬂ@g’o()f[)%]ro}ﬁ o B'S‘? R?B?'%h‘%e}ngpﬁ rg'{e[ngorg ﬂ%eroi#?q Bglr ng
machi ne_gqj | ..then . the tepsile. strength ent.i raje, of , PET and PEN that
Sorves BEN; iuelRl alpigP reteRicrefhon BET ue) oAb 1t phendtl Eteionc: el
conpressQr has reveal ed that the PET and PEN . enpl as nmot or
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about 50%  According tgo Fig. 2, the saturated noisture_anpunt of the

pol yvi n§l abﬁﬁgmpﬁriaiure\fagéﬁo‘?%éort%h?lg&sﬁseﬁgqqpaf%}féwm 619- rhatiethgrsageiedpeT
and PEN exceeds 50%is 5000 ppmat a tenperature of 30'C and a relative
humi di t poisturg@mountefine phndaylether 9y i ipseaprdil.ey ifdhe mpisturg abgoplgn ampwlr o |
has a correlation to the strength retention rate of the PET and PEN as
descr i bBgidgrs esfrigratiantingyit By they esfrigarginanpechine, eff is|increases whpe thegnaunto; |
of which the saturated noisture ampunt at a tenperature of 300C and a

rel ati vef MeiRtuER enfering thgdngidesof{be refagerationeirasiides grenstaptamawntof APeR PeR of
the insul at] ng filmcan be prevented by securing the strength of the PET
and PENPY weighfratio o the refrigerating machine oil, then the tensile strength retention rate of PET

and PEN that serves as the insulating film is improved.

[0028] A field test using actual compressor has revealed that the PET and PEN
employed as a motor insulating film is required to have a tensile strength retention rate of
about 50%. According to Fig. 2, the saturated moisture amount of the polyvinyl ether oil
when the tensile strength retention rate of both PET and PEN exceeds 50% is 5000 ppm ata
temperature of 30°C and a relative humidity of 80%. Then, since the hygroscopicity of the
polyviny! ether oil has a correlation to the strength retention rate of the PET and PEN as

described above, by employing the polyvinyl ether



[0029] Furthernore, the polyvinyl ether oil is stable wth respect to

noi sture, and therefore, its noisture absorbing ability and a | ubricating
ability can take effect for a long term Moreover, the polyvinyl ether

oi I, which has miscibility to the single substance of R32, o5@tiséstioarily
takes the Iubricati ng function effect w thout causing the inconvenience of
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phase separation or the like. Furthermore, the polyvinyl ether ¢il, which has a good electric
insulating property, is suitable for the built-in motor type compressor. Therefore, the
polyvinyl ether oil can maintain the performance of the refrigerating apparatus of the
aforementioned embodiment for a long term.
[0030] Although the description has been made on the basis of the air conditioner
taken as an example in the aforementioned embodiment, a refrigerator-freezer or the like is
acceptable.
[0031] Although the single substance of R32 is employed as the refrigerant in the
aforementioned embodiment, for example, a refrigerant that contains 70 wt% or more of R32

takes quite the same operative effect, and a roughly



tenperature of 300C and a relative humdity of 80%is not |ess than 5000
ppm is enployed as the refrigerating machine oil in the aforenentioned
enbodi ment, the refrigerating machine oil may be another one so | ong as
hygroscopicity is owned. [00331 Although the insulating fils@kobdiedgat or
provi ded for the conpressor is nmade of PET or PEN in the aforenentioned
enbodi ngnt.,  anot her pol.yner, resin that_includes, ester |Inkages |

acoept anmir BEREAR o R o, ERaReh d9%a TGt H6C 0BT RS 2, ol ol can
be appl t{g to either a separate type in which the condenser and the
evaporatof’ are separated and connected together via a refrigerant pipe or
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conpr essor i gcl ud%' ng a buli |t-in notor, .and the notor having an insul ating
oil may be anotherone so long as hygroscopicity is owned.
{0033] Although the insulating fiim of the motor provided for the compressor is made
of PET or PEN in the aforementioned embodiment, another polymer resin that includes ester
linkages is acceptable.
[0034] The refrigerating apparatus of the present invention can be applied to either a
separate type in which the condenser and the evaporator are separated and connected

fogether via a refrigerant pipe or a multiple type that has a plurality of condensers or

evaporators.



filmmade of a polyner resin that includes ester |inkages. 2. A
refrigerating apparatus having at |east a conpressor, a condenser, an
expansi on nechani sm and an evaporator, conprising: a refrigerant having a
principal ingredient of R32; and a refq4 gerating machi ne oido @bsdt 40842

pol yvi nyl ether oil, the conpressor including a built-in notor, and the

not or hexb an insulating filmnmade of a polyner resin that includes
ester |Irnkages. 3. A refrigerating apparatus as clainmed in claim1, wherein
the refrigerating machine oil has a principal ingredient of polyvinyl ether
oil. 15 22 Cctober 2004 REFRI GERATI NG APPARATUS ABSTRACT Misture in a
refrigeration cirguit.is absorbed by means pf a _polyvinyl ether oil that
nas | hybroscopt ol fyeliba BB helRR e Pae RO RRRG §i oRsrerly e,
even if ressqQr. cones tq h n el evated tenperature attributed to
t he errp?%fﬁ%ﬁﬁ "gef(:%%m?@fa?}ldgai‘reé%?o%goge ”E;‘?%'Sﬁ“gsi ngl e substance of R32, the

insulating film og réfﬁ ergﬁjtil{atkzi'n:gga i tgg{abﬁé{eg%% _esgor is hard to

hydrol yze. Moreover, By se ( _ ra_g anount of pol yvinyl
g'; hrerg r Zt g t éﬁg?leé%sfﬁéegﬁ@{%r%g&lﬁer] gil ﬁa\yir?glj g ts'a%?at@é’ mo?s'ttﬁrg a%ou%%/f) édﬁoggr%oorppm
more at a temperature of 30°C and a reiative humidity of 80%,
the compressor including a built-in motor, and the motor having an insulating

film made of a polymer resin that includes ester linkages.

2. A refrigerating apparatus having at least a compressor, a condenser, an
expansion mechanism and an evaporator, comprising:

a refrigerant having a principal ingredient of R32; and

a refrigerating machine oil which is a polyvinyl ether oil,

the compressor including a built-in motor, and the motor having an insulating

film made of a polymer resin that includes ester linkages.

3. A refrigerating apparatus as claimed in claim 1, wherein the refrigerating

machine cil has a principal ingredient of polyvinyl ether oil.



retention rate of the notor insulating filmmade of PET or PEN, which can
easily be processed, can be set to 50% or nore, by which the deterioration
of the insulating filmcan be prevented. Therefore, the perfornmance of the
refrigerating apparatus can be stabiliZéd for a |ong term 22 Qutohati2@g4t he
breakdown of the conpressor. Figure 1

" REFRIGERATING APPARATUS

ABSTRACT

Moisture in a refrigeration circuit is absorbed by means of a polyvinyl ether oil that has
hygroscopicity and serves as a refrigerating machine oil. Therefore, even if a compressor
comes fo have an elevated temperature attributed to the employment of a refrigerant made
of a single substance of R32: the insulating film of the built-in motor of the compressor is
hard to hydrolyze. Moreover, by seiting a saturated moisture amount of polyvinyl ether at a
temperature of 30°C and a relative humidity of 80% to 5000 ppm or more, a tensile strength
retention rate of the motor insulating film made of PET or PEN, which can easily be
processed, can be set to 50% or more, by which the deterioration of the insulating fitm can

be prevented. Therefore, the performance of the refrigerating apparatus can be stabilized for

a long term by avoiding the breakdown of the compressor.

Figure 1



